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Vertigine  visiva.     (It.)    Ocular  vertigo. 

Vertigo  (dizziness,  giddiness,  swimming  in  the  head)  "is  that  condi- 
tion in  which  a  person  suffers  from  a  sense  of  failing  equilibrium,  of 
falling,  or  of  rotating."  Its  direct  cause  is  probably  either  (1)  dis- 
turbance of  the  cerebral  circulation  or  (2)  abnormal  sensory  impres- 
sions from  the  semicircular  canals  or  eyes,  from  which  the  chief  sensa- 
tions governing  equilibration  are  derived. 

(1)  In  disease,  vertigo  is  met  with  in  faintness  or  loss  of  blood,  in 
cerebral  congestion,  epilepsy,  intense  headache  such  as  megrim,  and 
other  brain  diseases.  It  is  often  met  with  as  a  symptom  of  disturbed 
digestion,  probably  from  reflex  effect  upon  the  circulation  in  the  brain. 
■  (2)  Vertigo  connected  with  ocular  disturbance  generally  depends 
upon  some  abnormal  condition,  either  [imbalance]  spasm  or  paralysis 
9f  one  or  more  of  the  external  muscles  of  the  eyeball.  It  is  more  com- 
monly met  with  in  diseases  of  the  ear;  in  Meniere's  disease  the  semi- 
circular canals  are  themselves  the  seat  of  disease;  but  frequently  in 
disease  of  the  middle  ear  vertigo  is  one  of  the  symptoms  complained 
of.  {Standard  Encyclopedia) .  See  Vertigo,  Ocular;  and  Glaucoma- 
tous vertigo. 

Vertigo,  Glaucomatous.  See  Glaucomatous  vertigo,  p.  5578,  Vol.  VII 
of  this  Encyclopedia. 

Vertigo,  Ocular.  A  form  due  to  eye  disease,  especially  from  paralysis 
of  or  lack  of  balance  in  the  eye  muscles. 

Greenwood  {Trans.  OpJi.  Soc.  Am.  Med.  Assocn.,  1913)  raises  the 
question  whether  abnormal  action  of  ocular  muscles  may  not  reverse- 
ly affect  the  labyrinth  through  Deiter's  nucleus  and  thus  cause  verti- 
go. He  believes  in  fact  that  eye-strain  is  one  of  the  commoner  causes 
of  vertigo  and  not  the  least  frequent,  as  some  believe.  He  reports 
nineteen  personal  cases,  in  nearly  all  of  which  there  was  astigmatic 
refraction  with  one  or  both  meridians  oblique  and  asjTiimetric,  re- 
quiring head-tilting  and  disturbance  of  the  normal  ocular  rotation 
and  movements.  Several  other  observers  have  recorded  similar  con- 
ditions. 

Murray  {Oph.  Y ear-Book,  p.  89,  1913)  says  that  ocular  vertigo  is 
most  frequently  due  to  the  following  causes:  1.  Errors  of  refraction. 
2.  Muscular  imbalance,  or  heterophoria.  3.  Paralysis  of  an  extra- 
ocular muscle.  Ocular  vertigo  due  to  heterophoria  is  the  result  of  the 
inability  of  the  patieut  to  maintain  single  binocular  vision  without  an 
excessive  strain  on  the  extra-ocular  muscles ;  and  this  unconscious  and 
continuous  effort  to  prevent  double  vision  is  likely  to  cause  various 
subjective  symptoms,  one  of  which  may  be  vertigo.  Patients  with  an 
unbalniK-od  condition  of  the  extra-ociilur  muscles  arc  likely  t..  min- 
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plain  of  vertigo  wlieii  riding  on  the  cars,  when  viewing  movinfi:  ob- 
jects and  when  attempting  to  do  close  work.  The  form  of  heterophoria 
which  is  likely  to  cause  the  most  severe  form  of  dizziness  or  vertigo  is 
hyperphoria,  or  an  unbalanced  condition  of  the  vertical  muscles  of  the 
eyes. 

He  adds  that  in  this  form  of  dizziness  paralysis  of  one  of  the  extra- 
ocular muscle  furnishes  the  most  severe  type,  and  is  due  to  the  actual 
presence  of  double  images.  This  confusion  is  generally  overcome  by 
the  patient,  who  soon  learns  not  to  turn  the  eyes  in  the  direction  of 
the  paralyzed  uuiscle,  or  he  covers  one  eye.  Ocular  defects  causing 
vertigo  may  be  accompanied  by  a  nystagmus,  but  the  ocular  nystag- 
mus is  undulatory  in  character,  is  not  increased  by  turning  the  eyes 
in  any  particular  direction,  and  is  not  composed  of  a  rapid  and  a  slow 
excursion  of  the  eyeball,  but  the  excursion  of  the  ej'eball  in  one  direc- 
tion is  equal  to  that  in  the  other,  both  in  extent  and  rapidity — a  dis- 
tinetl}'  different  type  of  nystagmus  from  that  present  in  labyrinthine 
involvement.  Vertigo  occurring  after  the  use  of  the  eyes  for  close 
work,  or  on  suddenly  looking  up  from  the  page  of  a  book  and  look- 
ing at  more  distant  objects,  or  when  riding  on  the  cars,  or  after 
"shopping,"  is  very  suggestive  of  an  ocular  origin,  and  ocular  vertigo 
is  usually  relieved  by  closing  the  eyes,  by  lying  down  or  by  remaining 
in  a  dark  room.  See,  also.  Vertigo. 
Vesalius,  Andreas.  The  "Father  of  Anatomy"  and  hence  the  greatest 
physician  of  all  time  next  to  Hippocrates,  was  very  appropriately 
descended  from  a  long  line  of  doctors.  His  great-great-grandfather, 
Peter  of  "Wesel  a.  R.,  had  been  a  physician ;  his  great-grandfather, 
Johann  von  Wessele,  was  a  profesi-or  at  Louvain  and  body-physician 
to  the  Empei'or  Maximilian,  and  even  his  grandfather,  Eberhard,  was 
a  doctor,  while,  finally,  his  father  was  an  apothecary  to  a  relative  of 
the  Emperor  Charles  V. 

Andreas  himself  was  born  at  Brussels,  Dee.  31,  1514.  His  training 
in  the  liberal  arts  he  received  at  Louvain.  He  then  studied  medicine 
at  ^lontpellier  and  Paris,  where  he  numbered  among  his  teachers  the 
great  Ouido  Guidi,  the  equally  illustrious  Winther,  of  Andernach  on 
the  Rhine,  and,  finally  the  famous  anatomist.  Jacobus  Sylvius,  dis- 
coverer of  the  fissure  and  the  aqueduct  which  bear  his  name  toda}'. 
Sylvius,  however,  great  as  he  was,  became,  later,  one  of  Vesalius's  most 
bitter  opponents. 

In  those  days  dissections  were  practised  ex;clusively  on  the  ca- 
davers of  the  lower  animals.  Vesalius,  however,  at  great  personal 
risk,  stole  from  the  gallows  a  human  cadaver,  took  it  home  and  dis- 
sected it. 
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"And  you!    AVouId  you  call  it  a  theft!" 

From  these  dead  tissues  were  born  the  science  of  human  anatomy. . 

Stimulated  by  the  staggering  results  of  these,  his  first,  anatomical 
investigations,  Vesalius,  a  little  later,  took  service  Avith  the  army,  in 
which  position  he  was  able  to  provide  for  himself  an  ample  supply  of 
appropriate  material  for  dissectioii.  The  consequence  was,  the  well- 
nigh  complete  overthrow  of  Galenic  anatomy,  which,  though  founded 
on  dissections  of  the  lower  animals  only,  had  ruled  like  a  despot  in  the 
world  of  science  for  more  than  thirteen  hundred  years. 

Vesalius 's  chief  writings  are:  "Be  coyporis  Ilumani  Fahrica  lihri 
Scptcni,"  Basil,  1543;  and  " Suormn  cle  Fabrica  Corporis  Humani 
Lihrorum  Epitome, ''  Basil,  1543.  These  works  are  destined  to  endure 
as  long  as  civilization.  Two  or  three  minor  books  were  written  Ijy 
Vesalius  in  defense  of  these  two. 

In  1543  ho  became  physician  to  the  Emperor  Cliarles  V. 

In  1565,  while  on  a  journey  to  Jerusalem,  he  suffered  shipwreck  on 
the  Isle  of  Zante,  and  perished. 

It  would  be  impossible,  in  the  course  of  two  or  three  pages,  even  to 
list  the  remarkable  advances  made  in  anatomy  by  Vesalius.  Among 
the  most  memorable  of  his  general  discoveries,  however,  are  these : 
That  the  inferior  maxilla  does  not  consist  of  two  bones.  That  the  os 
intermaxillare  does  not  exist  in  the  human  adult.  The  marrow  exists 
in  the  bones  of  the  hand.  That  the  sternum  consists  not  of  seven 
parts,  but  of  three.  That  there  is  no  "imputrescible  bone"  in  the 
heart.    That  the  vena  cava  inferior  does  not  originate  in  the  liver. 

His  discoveries  in  the  anatomy  of  our  special  subject  are  also  very 
important.  Of  these  we  may  mention  the  following:  That  the  an- 
terior humor  of  the  eye  does  not  resemble  "the  white  of  an  egg," 
but  water.  That  the  hue  of  the  iris  depends  not  on  the  nature  of  the 
aqueous  humor,  but  on  pigment  in  the  iris  itself.  That  the  crA-stalline 
lens,  when  removed  from  the  eye,  produces,  like  a  convex  lens  of  glass, 
an  apparent  enlargement  of  objects  looked  at  through  it.  That  the 
crystalline  lens  is  not  the  essential  organ  of  vision. 

Vesalius,  however,  made  the  mistake  of  accepting  without  question 
the  existence  of  the  so-called  retractor  bulbi — a  muscle  which  is  really 
found  in  herbivora,  but  not  in  man.  The  discovery  that  this  structure 
does  not  exist  in  the  human  species,  is  due  to  Vesalius 's  great  con- 
temporary, Gabriele  Falloppio. —  (T.  H.  S.) 
-Vesicants.  See  Blisters,  p.  1220,  Vol.  II  of  this  Encyclopedia. 
Vesicle,  Lens.  Lens-sac.  A  vesicle  formed  from  the  lens-pit  of  tlie 
embryo  and  developing  into  the  crystalline  lens.  See  Development 
of  the  eye. 
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Vesicle,  Ophthalmic.    Same  as  optiG  vesicle. 

Vesicle,  Optic,  A  process  of  the  cerebral  vesicle  whence  the  percipient 
parts  of  the  eye  are  formed. 

Vesicles,  Cerebral.    See  Development  of  the  eye. 

Vesicular  catarrh.  A  name  given  by  Arlt  to  a  condition  closely  allied 
to  ordinary  follicnlosis  of  the  conjunctiva.  The  tarsal  conjunctiva  is 
covered  with  numerous  small  elevations  (aggregations  of  round  cells) 
which  have  the  appearance  of  fine  sand  scattered  over  a  moist  surface. 
Mayweg"  has  also  described  this  disease. 

Vesicular  cells.  See  Blaschenzellen,  p.  1008,  Vol.  II  of  this  Encyclo- 
pedia. 

Vesicular  granulations.  A  name  given  by  the  older  writers  to  certain 
superficial  nodules  (probably  dilated  lymphatics)  of  trachoma. 

Vesicular  keratitis.  See  Keratitis,  Bullous,  p.  6761,  Vol.  IX  of  this 
Encyclopedia. 

Vessel-cramp.  Cramp  op  retinal  vessel.  Spastic  ischemia.  See  p. 
3550,  Vol.  V  of  this  Encyclopedia. 

Vessels  of  the  eyeball.  See  Bloodvessels  of  the  eye,  p.  1228,  Vol.  II  of 
this  Encyclopedia. 

Veszely,  Carl  Constantin.  A  well  known  Viennese  surgeon  and  oph- 
thalmologist. Born  in  1842  at  Galgoz,  Hungary,  he  received  his  medi- 
cal degree  at  Vienna,  studied  ophthalmology  chiefly  under  Stellwag, 
and  settled  at  Pressburg.  He  was,  for  a  number  of  years,  surgeon- 
in-chief  of  the  ophthalmic  division  of  the  Garrison  Hospital  No.  1  at 
Vienna.  Here  he  delivered  a  course  of  lectures  on  ophthalmoscopic 
diagnosis.    He  died  Oct.  9,  1895.— (T.  H.  S.) 

Vetch,  John.  A  celebrated  British  ophthalmologist.  Born  in  East 
Lothian,  Scotland,  he  received  his  medical  degree  in  1804  at  Edin- 
burgh, and,  after  a  number  of  years  in  the  army,  settled  as  ophthal- 
mologist and  general  practitioner  in  London.  He  was  for  a  time 
physician  at  the  Infirmary  for  Skin  Diseases,  and  at  the  Asylum  for 
the  Recovery  of  Health.    He  died  April  28,  1835. 

Vetch's  ophthalmologic  writings  are  as  follows:  1.  An  account  of 
the  Ophthalmia  ivhich  has  Appeared  in  England  si)icc  the  Return  of 
the  British  Army  from  Egypt.  (London,  1807.)  2.  A  Report  of  the 
Influence  of  a  Moist  Atmosphere  in  Aggravating  the  Form,  and  Re- 
tarding the  Cure  of  the  Infectious  Ophthalmia.  {Edinburgh  Jour., 
1808,  IV,  pp.  151-156.)  3.  Report  on  the  Difference  Between  the  In- 
fectious Ophthahnia  and  that  Produced  by  the  Artful  Application  of 
Irritating  substances  to  the  Eye.  (Ibid.,  pp.  155-159.)  4.  On  the  Sen- 
sibility of  the  Inflamed  Cornea  to  the  Transmission  of  Light.  (Ibid., 
p.  447.)     5.  Obso'vations  on  the  Treatment  by  Sir  William  Aelams  of 
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the  Ophthalmic  Cases  of  the  Army.  (London,  1818.)  6.  A  Letter  to 
Bight  Hon.  Lord  Vise.  Palmerston  on  the  Subject  of  the  Ophthalmic 
Institution  for  the  Cure  of  the  Chelsea  Pensioners.  (London,  1818.) 
7.  A  Practical  Treatise  on  the  Diseases  of  the  Eifc.  (London,  1820 
pp.  267,  3  plates.)  — (T.  H.  S.) 
Veterinary  ophthalmology.  Comparative  therapeutics.  The  science 
that  treats  of  the  ocular  injuries  and  diseases  of  the  lower  animals 
and  of  their  treatment  is  of  some  importance  to  the  ophthalmic  sur- 
geon, and  it  is  proposed  to  devote  to  them  a  section  in  this  Ency- 
clopedia. 

For  much  of  the  matter  in  the  following  pages  the  Editor  Avishes 
to  acknowledge  at  the  outset  the  great  assistance  and  advantage  ho 
has  derived  from  reading  the  varioiLS  chapters  touching  the  subject 
in  the  Encyclopedie  Franqaise  d'Ophtalmologie,  especially  those  by 
Kalt  in  the  ninth  volume  of  that  valuable  treatise. 

The  literature  of  veterinary  ophthalmology^  is  relatively  scant,  and 
further,  practical  studies  of  the  subject,  particularly  of  the  pathology 
and  treatment,  are  much  to  be  desired.  These  investigations  should 
come,  the  Editor  thinks,  from  the  ophthalmologist  rather  than  from 
tlie  veterinarian  and  the  former  may  he  assured  that  such  compara- 
tive studies  will  redound  to  the  credit  of  his  calling  and  will  well 
repay  the  time  spent  upon  them.  As  an  introduction  to  the  prac- 
tical anatomy,  physiology  and  therapeutics  of  the  subject  one  may 
consult  the  various  treatises  that  have  appeared  from  time  to  time. 

The  Literature  of  Veterinary  Ophthalmology. 

Schleich  (Centralhl.  f.  prakt.  Augenheilk.,  Aug.,  1913;  abst.  in  An- 
nals of  Ophthahn.,  p.  363,  April,  1915)  remarks  that  the  oldest  known 
-work  on  animal  medicine  is  entitled  "Claudii  Hermeri  Mulomedi- 
cina  Chironis."  The  extant  manuscript  was  written  in  Latin  in  the 
fifteenth  century  and  is  a  translation  made  in  the  fourth  century 
from  the  Greek.  It  was  edited  by  E.  Oder,  and  published  in  1901 
])y  Teubner.  It  is  valuable  because  it  gives  an  insight  into  the  vet- 
erinary literature  of  the  Romans  and  Greeks,  particularly  the  writ- 
ings of  Apsyrtus,  the  most  eminent  veterinarian  of  ancient  times.  He 
lived  during  the  reign  of  Constantine  the  Great,  writing  about  33-1 
A.  D. 

Publius  Vcgetius  Rcuatus  of  Volterra  published  a  work  in  tlic 
middle  of  the  fifth  century  Avhich  drew  largely  from  the  "Mulo- 
medicina  Chironis."  This  work  was  edited  by  E.  Lommatseh,  and 
published  by  Teubner  in  1903.    Its  complete  title  is  "Puhliu^  Vrgrtii 
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Renati  Digcstonim  Artis  Mulomcdicimc  Lihri."     Next  we  have  the 
"Hippiatrica/'  published  in  the  tenth  century. 

In  the  "Clandn  Hermeri  MulomcdiciiuB  Chironis"  many  ocular 
conditions  and  their  treatment,  including  congenital  defects,  are  dis- 
cussed. Blood-letting  is  frequently  mentioned.  The  "llippiatnca" 
is  similarly  arranged.  All  these  works  describe  ocular  diseases  and 
remedies  as  thc}^  are  found  in  human  medical  literature.  The  knowl- 
edge of  eye  diseases  in  animals  did  not  participate  in  the  progress 
made  by  medicine,  and  especially  ophthalmology,  until  the  begin- 
ning of  the  nineteenth  century. 

Although  special  institutions  for  the  study  of  diseases  of  animals 
were  founded  in  all  civilized  countries  in  the  eighteenth  and  nine- 
teenth centuries,  the  ocular  side  was  largely  neglected.  Some  works 
of  note  appeared,  but  had  little  influence.  The  periodical  eye  intiam- 
mation  known  as  moon-blindness,  was  the  subject  of  papers  by  Am- 
mon  and  Toggia  in  1807  and  1819,  while  Leblanc  {Traite  des  Maladies 
des  Yeux  des  Animaiix^  1824. — Ed.)  in  1824  Avrote  a  treatise  on  eye 
diseases,  their  prevention  and  treatment,  in  domestic  animals.  A 
work  by  Miiller  in  1847  showed  no  progress  over  earlier  publications. 
Eeal  progress  dates  from  the  early  seventies  of  the  last  century,  when 
Friedenberger  and  Bayer,  but  especially  Rudolph,  Berlin  and  Evers- 
busch,  made  lasting  contributions  to  the  subject.  The  two  latter 
published  a  short-lived  journal,  the  Zeitschrift  filr  vergleichende 
AugenJicUkundc,  which  contained  some  publications  of  merit,  and 
with  the  works  of  Moller  {Lchrhuch  der  Augenheilkimde,  1898. — Ed.) 
and  Bayer  {Handhuch  der  Tier  art  zlichen  Chirurgie,  Vol.  V,  1906. — 
Ed.)  mark  progress  in  this  special  line  of  work.  Hirschberg's  work 
on  Comparative  Ophthalmology  and  Dioptrics  of  Fish  and  Amphihian 
Eyes  is  part  of  the  result  of  placing  oculists  on  the  staffs  of  institu- 
tions for  the  teaching  of  veterinarians.  In  1910  the  Archiv  f.  Ver- 
gleichende Ophthalmologie  vi*as  founded  by  Gustav  Freitag. 

Added  to  the  authorities  quoted  by  Schleich  may  be  mentioned  more 
recent  contributions  to  veterinary  ophthalmology  in  section  of 
the  Encyclopcdie  Frangaise  d'Ophtahnologie,  p.  449,  Vol.  IX,  by 
M.  Kalt;  the  Contributions  to  the  Comparative  Anatom.y  of  the 
Mammalian  Eye,  1001,  by  G.  Lindsay  Johnson,  and  the  section  on 
Comparative  ophthalmology  in  the  fourth  volume  of  this  Encyclo- 
pedia. A  complete  bibliography  of  the  chief  contributions  to  avian 
veterinar.y  literature  will  be  found  on  pp.  10  and  11  of  the  Editor's 
Fundus  Oculi  of  Birds. 

Among  other  monographs  (also  overlooked  by  Schleich)  worthy 
of  notice  are  Cadiot  and  Almy's  Traite  de  Therapeutique  chirurgi- 
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cede  dcs  Animaux  donusliqucs,  Paris,  1904;  Nicholas'  OphUdmolocjic 
Vctcriuairc  ct  Compurie,  1908,  and  onr  own  Joseph  E.  Sharp's  Text- 
Book  of  Veterinarij  Ophfhalmolofu/. 

In  all  of  these  vahiabh-  contributions  the  comparative  hioloyy,  path- 
ology and  therapeutics  of  tlie  lower  animal  have  been  discussed. 

Methods  of  Examination. 

The  animals  the  ophthalmic  surgeon  will  most  frequently  be  called 
upon  to  examine  and  prescribe  for  will  be  mostly  domesticated,  al- 
though with  the  increase  in  number  and  size  of  our  zoological  gardens 
his  advice  may  at  any  time  be  sought  for  their  wild  occupants.  In 
his  efforts  to  diagnose  and  treat  their  ailments  he  will  be  most  suc- 
cessful if  he  bears  in  mind  certain  rules,  particularly  at  the  first 
examination — that,  after  all,  apply  equally  to  human  patients.  He 
should  exorcise  the  greatest  patience  and  gentleness.  Rough  man- 
ners, sudden  and  hurried  movements,  a  loud  voice — any  or  all  of 
these — will  not  aid  him  in  dealing  with  the  great  majority  of  these 
generally  sensitive,  suspicious  and  high-strung  creatures.  He  must 
be  friendly  wdth  his  lower  animal  patients,  however  brusquely  he  treats 
his  human  clientele. 

Inspection  is  always  a  valuable  means  of  diagnosis  and,  as  a  rule, 
should  be  conducted  in  the  clear,  indirect  daylight  of  a  window; 
small  animals  being  placed  on  a  ta))le,  face  to  the  liglit.  The  as- 
sistance of  someone  who  has  the  confidence  of  the  animal — liis  keeper 
in  a  zoo — is  almost  indispensable.  Do  not  touch  the  animal  until  it 
is  necessary,  and  Avhen  it  is  not  contraindicated  the  use  of  cocain  will 
be  an  advantage. 

The  ohlique  iUumination  is  employed  ver}-  much  as  in  the  case  of 
human  subjects.  The  Priestly  Smith -candle  (see  p.  4605,  Vol.  VI 
of  this  Encyclopedia)  is  a  useful  instrument  for  the  purpose,  espe- 
cially for  menageries  or  animal  hospitals  where  there  is  not  a  dark 
room  equipped  for  the  purpose.  If  gentleness  and  quiet  are  also 
brought  to  this  form  of  examination  it  will  be  found  very  effective 
and  most  animals  submit  to  the  ordeal  without  nnich  trouble.  Of 
course  dilatation  of  the  pupil — when  that  is  possible — by  atropin  or 
homatropin  greatly  facilitates  the  exploration  of  the  lens  and  is 
greatly  to  be  desired  for  ophthalmoscopy.  Birds,  whose  pupils  are 
not  affected  by  (human)  mA-driatics,  generally  allow  their  pupils  to 
become  dilated  long  enough  to  make  a  satisfactory  examination  l\v 
the  oblique  method. 

In  the  case  of  the  horse  his  head  may  be  fixed  not  only  by  the 
bridle  but  by  holding  his  ears. 
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Veterinary  ophthalmoscopy  is  conducted  as  one  would  examine  a 
human  subject.  The  great  majority  of  mammals  that  the  ophthal- 
mologist will  be  called  upon  to  examine  present  few  ditSculties.  Kalt 
(lococit.)  favors  the  use  of  daylight  as  illuminaut  but  since  the  intro- 
duction and  perfection  of  the  self-luminous  ophthalmoscope  this  in- 
strument has,  in  the  experience  of  the  Editor,  entirely  displaced  the 
old  forms  of  ophthalmoscopy  for  veterinary  purposes.  It  renders  a 
separate  light  and  a  very  dark  room  entirely  unnecessary,  considera- 
tions of  importance  in  conducting  examinations  in  private  houses, 
dealers'  stores,  zoological  gardens,  etc.  Of  course  an  acquaintance 
with  the  appearance  of  the  normal  fundus  in  the  animal  about  to 
be  examined  is  essential  and  this  can  best  be  acquired  by  viewing  the 
ocular  background  of  one  or  more  normal  individuals  of  the  same 
species.  The  details  of  this  subject,  as  regards  hirds,  are  discussed 
in  the  Editor's  Fimdiis  Oculi  of  Birds;  of  other  classes  on  p.  2724, 
Vol.  IV  of  this  Encyclopedia. 

The  practitioner  should  begin  by  practising  ophthalmoscopy  on  the 
horse,  mule,  donkey,  ox,  pig,  hare,  rabbit,  guinea  pig,  sheep,  dog,  cat, 
hen,  parrot,  pigeon,  canary  and  any  other  domestic  or  wild  subjects 
at  hand. 

Examination  of  the  visual  acuity.  It  is  easy  enough  to  decide 
whether  an  animal  is  totally  blind  in  both  eyes,  and  generally  not 
difficult,  by  placing  a  mask  over  the  better  eye  to  discover  complete 
loss  of  vision  in  the  other  organ,  but  to  determine  the  degree  of  de- 
fect in  partially  blind  animals  requires  close  observation — of  each  eye 
separately — the  use  of  the  oblique  illumination,  of  the  ophthalmoscope 
and  such  experiments  as  may  (roughly)  test  the  amount  of  vision. 
The  last  category  will  include  the  examination  of  the  pupil  reflexes 
(see  Examination  of  the  eye,  in  this  Encyclopedia),  both  unilateral 
and  consensual.  The  reflexes  in  the  normal  eyes  of  the  dog  and  cat  are 
very  prompt  and  complete. 

An  efl'ective  test  of  vision  in  one  eye — the  other  covered — is  to 
hold  up  a  favorite  article  of  food  (a  lump  of  sugar,  nut,  small  piece 
of  meat,  etc.)  at  different  distances  (and  on  different  occasions)  be- 
fore the  animal  and  determine  from  its  actions  whether  the  comes- 
tible is  recognized  or  not.  When  possible  the  passage  of  the  patient 
through  a  room  is  noted  as  to  whether  he  runs  into  (or  avoids)  chairs 
or  other  articles  of  furniture. 

Complete  loss  of  vision  in  one  eye  (whether  the  animal  has  bi- 
nocular sight  or  not)  is,  of  course,  a  misfortune,  but,  as  in  the  human 
subject,  a  certain  degree  of  compensation  comes  in  the  course  of  time. 
For  example,  Bayer  cites  the  case  of  a  well-known  race  horse,  excel- 
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lent  steeplechaser,  who  wore  an  artificial  eye  and  yet,  by  turning  his 
head  slightly  to  one  side,  was  able  to  appreciate  height  and  distance 
in  leaping  trestles  and  jumping  ditches. 

The  refraction  in  animals.  This  subject  is  treated  at  length  under 
various  sub-heads  in  the  section  Comparative  ophthalmology  of 
this  Encyclopedia,  but  it  may  be  added  here  that  a  rough  guess  at 
the  static  refraction  in  some  animals  may  be  made  by  indirect  ophthal- 
moscopy. This  method,  since  the  introduction  of  skiascopy,  is  now 
almost  forgotten  by  ophthalmologists  but  it  has  its  advantages  wiien 
the  patient  is  a  more  or  less  dangerous  animal.  By  far  the  best 
method  in  practically  all  cases  is  skiascopy.  Most  animals  appear  to 
be  measurably  attracted,  dazed  or  hypnotized  by  the  light  flashed 
into  their  eyes,  so  that  they  fix  the  illuminated  mirror  (not  the  hand 
holding  the  lens  in  front  of  the  eye  under  observation)  and  allow  the 
observer  to  work  out  the  problems  of  ametropia  for  the  macular 
area  with  a  fair  approach  to  the  accuracj^  attainable  in  man.  Cyclo- 
plegics  should  be  used  when  possible.  In  this  connection  Kalt  points 
out  that  the  field  of  illumination  in  skiascopy  in  the  horse  is  not 
uniform  but  exhibits  concentric  zones  of  uneven  light  and  shade,  show- 
ing the  unequal  refrangibility  of  the  ocular  media. 

Tonometry  is  readily  applied  in  most  animals.  It  is  needless  to 
say  that  tonometers  cannot  be  employed  but  the  skilled  fingers  take 
their  place  with  success.  The  ocular  tension  in  animals  as  deter- 
mined by  the  finger  tips  is  somewhat  modified  by  the  thick  sclera  of 
some  animals — the  pig  for  example — and  by  the  bony  sclerotic  plates 
of  birds  and  reptiles.  These  facts  again  emphasize  the  need  of  study- 
ing the  eyes  of  normal  species  before  undertaking  to  play  the  part  of 
the  skilled  veterinarian  in  a  particular  instance. 

VETERINARY    OPHTHALMIC    THERAPEUTICS. 

Once  a  proper  diagnosis  is  made  the  treatment  is  readily  indi- 
cated—just as  in  the  case  of  human  eyes.  The  success  of  therapy 
will,  however,  depend  more  upon  the  doctor  than  on  his  remedies. 
If  he  possess  the  magic  power  that  can  go  only  with  an  appreciation 
of  the  psychic  attitude  of  his  patients,  if  he  really  loves  animals 
and  knows  how  and  when  to  approach  them,  much  may  be  done  to 
relieve  and  cure  their  ailments.  On  the  other  hand,  a  careless,  stupid 
or  brutal  surgeon  will  make  even  less  headway  in  treating  a  case 
than  he  would  with  humans  who  will  often  submit  to  an  overbearing 
or  ignorant  attendant  because  there  is  no  better  one  available. 

As  a  rule  the  local  applications  and  the  internal  remedies  employed 
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in  human  ailments  are  those  of  greatest  value  in  dealing  with  lower 
animal  ivounds  and  diseases.  It  may  not  in  some  instances  be  pos- 
sible to  apply  or  administer  them,  and  it  is  not  contended  that  disease 
in  man  finds  always  its  counterpart  in  every  other  order  of  verte- 
brates, but  the  observation  holds  good  in  a  large  percentage  of  cases. 
Here  Fig.  302  p.  504,  Oph.  Veterinarie  et  Comparee. 

The  therapeutics  of  tamed  animals,  and  especially  of  those  com- 
monly sold  by  dealers  in  bird  and  dog  stores,  bears  the  same  rela- 


Protoctivc  Mask  for  the  Eyes  of  the  Horse.      (Cadiot  and  Almy.) 


tion  to  scientific  veterinary  therapy  as  does  human  domestic  medicine 
to  rational  methods.  A  number  of  popular  books  on  pet  animals  and 
their  care  are  sold  everywhere,  most  of  which  contain  sensible  and 
useful  information,  but  beware  of  the  ophthalmic  portions  of  them 
so  far  as  they  treat  of  the  cure  of  eye  diseases!  Here  is  an  extract 
from  an  otherwise  interesting  booklet  written  by  a  well-known  dealer : 
"We  have  cured  quite  a  number  of  parrots  who  were  apparently 
blind  by  simply  rubbing  in  a  preparation  called  Bird  Balm." 

It  may  with  truth  be  said  that  these  primitive  panaceas  are  not 
unknown  to  human  ophthalmology  and  there  can  be  no  doubt  but 
that  bird  fanciers  are,  as  a  rule,  perfectly  honest  and  sincere  in  fur- 
nishing these  directions,  and  probably  with  their  large  practical  ex- 
perience are  quite  as  competent  to  deal  with  ailing  animal  eyes  as 
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the  professional  veterinarian  who  has  not  made  a  special  study  of  the 
subject.  All  the  more  reason  then,  that  the  human  ophthalmologist 
should  come  to  the  rescue  of  his  "brethren  of  fur  and  feather"  bv 
making  a  particular  study  of  their  eyes. 

A  good  operator  on  human  eyes  makes,  other  things  being  equal,  a 
successful  ophthalmic  veterinary  surgeon,  as  the  qualities  needed  for 
the  one  are  also  those  required  for  the  other.  It  is,  of  course,  desir- 
able that  the  ophthalmic  therapeutist  should  know  something  of  the 
literature  of  this  special  subject  and  to  that  end  may  well  read  the 
treatise  of  Cadiot  and  Almy  {Traite  de  iherapcutique  chirurgicale  des 
animaux  domestiques,  Paris,  1904)  previously  referred  to.  Much  of 
the  following  matter  is  abstracted  from  this  useful  work. 

Pharmaceutic  preparations  in  veterinarij  ophthalmologn.  Anti- 
septic solutions,  collyria,  eye  washes,  and  ointments  are,  as  a  rule, 
prepared  in  precisely  the  same  manner  and  used  in  the  same  (local) 
fashion  for  conditions  one  also  finds  in  human  ej'es. 

Treatment  of  the  ci/es  of  the  larger  animals.  As  with  man,  wlien 
the  pain  involved  in  any  surgical  procedure  is  not  great  or  when 
immobility  of  the  head  is  not  essential  local  anesthesia  suffices,  and  1 
per  cent,  cocain  is  generally  effective.  In  many  cases — more  fre- 
quently than  in  man — the  more  delicate  operations  call  for  general 
anesthesia.  In  the  case  of  the  horse  the  plan  of  Dastre  and  ]\Iorat 
may  be  followed :  inhalation  of  chloroform  after  a  hypodermic  of 
morphia-atropin.  For  a  horse  of  medium  size  an  injection  of  10  to 
15  cgm.  of  morphia,  with  5  mgr.  of  atropin  sulphate  dissolved  in  K) 
grm.  of  distilled  water.  Half  an  hour  after  this  dose  the  chloroform 
is  administered- — 60  grannnes  usually  being  required  to  produce  com- 
plete narcosis. 

For  the  ox  and  the  slicep  both  chloroform  and  ether  are  dangerous; 
consequently  it  is  preferable  to  give,  instead  of  these  anesthetics,  and 
by  the  mouth  50  to  75  grm.  of  chloral  hydrate,  or  from  a  half  to  one 
litre  of  brandy— either  of  which  will  reduce  the  patient  to  insensi- 
bility. 

For  operations  on  tJie  dog  one  may,  as  a  preliminary  to  general 
anesthesia,  use  a  muzzle ;  or  a  bandage  may  be  evenly  but  firmly  rolled 
about  the  lower  jar,  crossed  and  passed  over  and  around  the  superior 
maxilla  and  then  fixed  by  safety  pins  behind  the  ears.  The  four  feet 
are  also  bound.  The  head-  and  body-rest  commonly  used  in  lab- 
oratories is  useful  but  not  indispensable,  especially  if  one  quiets  the 
animal  by  a  preliminary  injection  of  5  to  10  centigrams  of  morphia. 
At  the  time  of  operation  cocain  (instillation  of  5  per  cent,  solution 
or  by  some  infiltration  method)  should  be  employed.    A  good  formula 
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for  the  preliminary  subcutaneous  injection  in  dogs  about  to  be  anes- 
thetized is  morphia  hydroehlorate,  10  centgrms.,  atropia  sulphate  5 
milligrms.,  distilled  water,  10  grms.  Of  this  small  dogs  should  have 
half  a  c.c. ;  medium  sized  animals,  1  to  2  c.c,  and  the  largest  dog& 
;>  to  4  c.c.  Then  wait  twenty-five  minutes  before  administering  the 
chloroform  or  ether. 

The  cat  is  very  sensitive  to  the  action  of  the  ordinary  general 
anesthetics  and  is'  liable  to  die  if  the  anesthetic  is  given  rapidly,  in  too 
large  doses,  or  if  it  is  too  long  continued.  When  the  operation  is 
likely  to  be  of  short  duration  the  animal  is  placed  under  a  cover — ■ 
preferably  a  box  with  a  glass  covered  ''peep-hole" — in  which  has 
been  placed  a  cotton  ball  soaked  in  chloroform.  For  prolonged  nar- 
cosis give  a-  preliminary  injection  of  six-tenths  milligram  of  morphia 
per  kilo.  After  the  hypodermic  the  cat  becomes  much  excited.  In 
fifteen  or  twenty  minutes  (when  the  animal  becomes  quiet)  it  is 
placed  under  cover  with  several  small  sponges  impregnated  witli 
chloroform.  The  inhalations  of  the  anesthetic  are  continued  a  min- 
ute or  so  after  the  first  signs  of  narcosis  appear.  There  will  be  a 
revival  of  excitement,  Avhen  the  patient  awakes  and  this  state  will 
continue  for  some  time. 

The  monkey  is  anesthetized  in  the  same  manner  but  in  a  narro\^ 
cage  covered  with  a  blanket. 

Birds  succumb  very  quickly  to  the  fumes  of  chloroform  when  placed' 
in  a  convenient  receptacle  with  a  small  ball  of  cotton  wool  saturated 
with  the  drug. 

Application  of  dressings.  When  it  is  desired  to  exert  gentle  pres- 
sure and  at  the  same  time  give  protection  to  a  lesion  of  the  globe  it  is 
often  better  to  suture  the  lids  together  for  a  short  time  than  to  try 
to  keep  a  bandage  or  similar  appliance  on  the  animal's  eye.  Two 
such  stitches  (taking  care  not  to  injure  or  denude  the  free  border  of 
eitlier  lid)  will  suffice  for  a  dog,  three  or  four  for  a  horse;  and  they 
may  remain  in  place  for  four  or  five  days. 

In  other  cases  the  eye  may  be  covered  with  layers  of  gauze  enclos- 
ing some  cotton  wool,  the  whole  being  retained  in  place  by  a  leather 
cap  or  mask  (see  the  illustration)  provided  with  removable  eyelets 
that  will  permit  of  the  dressing  being  changed  as  often  as  is  required. 
When  dealing  with  the  horse  use  an  apparatus  made  of  a  series  of 
metal  rods  that  form  a  kind  of  grill  covering  the  face  and  eyes.  The 
rods  are  united  both  above  and  below  l\v  two  metal  semicircles,  the 
upper  one  placed  over  the  forehead,  the  lower  fixed  across  the  nose. 
Straps  around  the  ears,  chin  and  throat  keep  the  apparatus  in  place. 
(See  the  figure.)     The  hoi*se  is  then  put  in  his  stall  with  his  head 
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to  the  rear  and  tied  by  ropes  to  two  opposite  posts  so  that  lie  can- 
not rub  the  diseased  eye  against  the  wood  or  metal  work. 

Brusaco's  niask  for  dogs  is  shown  in  this  text.  It  is  made  of  leather 
and  covers  the  whole  head  except  the  ears,  eyes  and  nose.  It  is  se- 
cured at  the  neck  and  in  front  by  four  buckles.  The  eyeholes  arc 
provided  with  a  strengthened,  hemispherical  wire  screen.'  When  it 
is  found  necessary  the  animal's  logs  may  he  sliackled. 


Brusasco's  Mask  for  the  Dog's  Eyes.     (Cadiot  and  Alniy.) 

Tuberculosis  in  the  lower  animals  presents  characters  peculiar  to 
the  various  sub-classes,  and  its  course,  clinical  appearances  and 
prognosis  in  eye  affections  also  differ  from  those  seen  in  man. 
Finnoff  (see  Tuberculosis  of  the  eye,  in  this  Encyclopedia)  remarks 
that  cattle  are  especially  susceptible  to  the  disease,  while  swine  often 
fall  victims  to  it.  Laboratory  animals,  particularly  the  guinea  pig, 
are  susceptible  to  artificial  inoculation  but  do  not  contract  the  dis 
case  under  natural  conditions.  Chickens,  pheasants,  turkeys  and  pi- 
geons suffer  from  the  disease,  while  geese  and  ducks  are  exempt. 


Diseases  of  fhr.  eyelids  in-  flic  loirrr  animnU. 

The  lid  skin  is  affected  by  eczema,  with  pustular  erupt loub  and 
branny  scales  in  the  sheep  and  the  horse.  The  ox  is  partially  liable 
to  a  form  of  the  disease  that  attacks  the  animal  in  snnimer  and  dis- 
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appears  in  winter.  According  to  Leblanc  the  cat  is  subject  to  a  form 
of  palpebral  eczema  of  the  squamous  variety ;  the  dog  to  a  more  acute 
variety  of  the  disease. 

Erythema  of  the  lower  lid  is  found  in  the  horse  at  the  inner  angle, 
attended  by  chronic  laehr^-mation  as  a  result  of  irritation  of  the  eye- 
ball and  its  annexes.  The  treatment  of  the  foregoing  lies  chiefly  in 
the  application  of  an  ointment  of  zinc  oxide,  white  precipitate  and 
similar  agents.    See  Vol.  \,  p.  3839  of  this  Encyclopedia. 


Operative   Treatment  of  Entropion  in  the  Dog. 

The  lid   skin  held   by   forceps   for   excision. 

(From  the  E)icycIopedic  Francaitsc.    Cadiot  and  Almy.) 

The  dog  is  espeeially  subject  to  folUcuIar  mange  or  itch,  associated 
with  dermal  crusts,  lesions  of  the  true  skin,  ectropion,  etc.  Of  the 
animal  parasites,  the  eyelashes  harbor  the  Ixodes  ricinus,  the  Ilypo- 
derma  hovis  is  found  beneath  the  conjunctiva  and  a  number  of  other 
animals  infest  the  external  eye,  several  of  which  are  also  found  in 
the  human  subject.  See,  e.  g.,  Ophthalmomyaisis,  in  this  Encyclo- 
peclia. 

Tuberculosis  is  often  secji  in  the  frontal  areas  of  the  parrot  in  the 
form  of  vegetative  growths,  and  it  is  not  uncommon  in  the  same  region 
in  the  cat.  The  e3-elids  of  the  larger  domestic  animals,  however,  seem 
to  be  free  of  this  disease. 

Blepharitis  ciliaris  of  the  hviman  type  is  very  uncommon  except  in 
the  dog  in  whom  it  may  be  accompanied  by  stj^es. 
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We  occasionally  meet  with  chalazion  in  the  horse. 

Entropion  of  the  cicatricial  variety  is  uncommon  in  most  animals, 
but  spasmodic  entropion  is  very  often  seen  in  horses  and  dogs,  espe- 
cially in  those  varieties  of  the  latter  that  have  the  skin  loose  and 
abundant.  The  symptoms  that  follow  this  condition  are  much  the 
same  as  in  man,  epiphora,  conjunctivitis,  corneal  ulcer,  etc.  The  ap- 
paratus that  in  the  human  being  is  involved  in  spasmodic  entropion 
is  not  the  same  in  the  horse  and  the  dog.  Here  the  clioanoid  muscle 
(see  Vol.  Ill,  p.  2072  of  this  Encyclopedia)  acts  in  conjunction  Avith 
the  orbicularis  and  the  inversion  of  the  lid  edges  is  rendered  more 
marked  by  the  retraction  of  the  globe.  Treatment  of  this  condition 
invariably  calls  for  operative  interference.  If  tliermocautery  fails, 
then  the  Gaillard,  Snellen-Stellwag  or  similar  procedures  must  be  re- 
sorted to  while  the  animal  is  under  a  general  auesthetic.  The  steps  of 
the  operation  and  the  choice  of  operatioji  are  much  tlie  same  as  in 
man.  See  under  the  heading  Entropion  in  this  Encyclopedia.  Fig. 
300,  p.  497,  Oph.  Vet.  MS  14. 

Ectropion  is  much  rarer  1hau  entropion.  It  follows  cliielly  loss 
of  the  palpebral  sldn  and  is  associated  with  some  forms  of  elironic  con- 
junctivitis, or  with  paresis  of  the  orbicularis.  It  is  also  regarded  as 
normal  in  the  Saint  Bernard  ])reed  of  dogs.  The  trcalinent  is  the 
same  as  in  man.    See  Ectropion. 

Diseases  of  tJie  conjunctiva. 

To  explore  the  conjunctival  sac  the  eye  need  not  be  cocainized  but 
the  head  of  the  animal  (large  or  small)  should  l)e  firmly  held  and 
the  lids  parted  ]\v  retractors.  Sometimes  tliis  may  be  accomplished 
by  traction  on  the  lid  edges  by  the  thumb  and  fingers  alone  but  if 
carefully  and  gently  carried  out  the  instruments  cause  less  pain  and 
give  most  satisfaction.  The  space  behind  the  thii-d  eyelid  may  be 
examined  in  the  same  fashion. 

Catarrhcd  and  purulent  co)iju)iclii'itis  in  animals  arc  quite  com- 
mon. The  former  geiierally  arises  from  such  external  sources  as  dust 
and  other  foreign  bodies — especially  pieces  of  straw,  grains  of  sand, 
beards  of  barley,  smoke,  and  from  such  an  infection  as  dacryocystit:s. 
Koch-Weeks  bacillus,  most  diplobacilli  and  the  gonococcus  have  not 
been  inoculated  upon  the  eyes  of  lower  animals, ..  The  pueumococcus 
•injected  beneath  the- conjunctiva  of  the  rabbit  .sets  11  p  only  a  slight 
irritation,  while  virulent  strains  of  the  streptococcus  produce  a  lively 
reaction.  Thus,  and  in  many  other  instances,  is  shown  the  futility,  the 
waste  of  time  and  energy  and   the  error  of  attril)uting  to  Innnan 
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ocular  tissues  pathologic  and  other  conclusions  based  on  animal  ex- 
perimentation in  orders  of  mammalia  below  the  Primates.  The  Editor 
has  developed  this  argument  as  an  editorial  in  the  Nov.,  1919,  num- 
ber of  the  American  Journal  of  Ophthalmology. 

Epidemics  of  acute  conjunctivitis  have,  as  in  man,  been  observed 
in  cavalry  and  other  military  outfits.  In  the  same  way  Sichel  ob- 
served a  similar  outbreak  in  three  herds  of  cows.  Unlike  the  "pink 
eye"  of  man  the  infection  was  complicated  by  white  corneal  areas 
that  ulcerated,  filled  with  granulations  and  left  larger  scars.  The  bac- 
teriologic  examination  was  negative. 

General  infections  (petechial  fever,  horse-pox)  are  not  infrequently 
associated  with  acute  conjunctivitis,  just  as  the  conjunctival  infection 
of  variola,  measles  and  scarlatina  in  man. 

Purulent  conjunctivitis  resembles  the  same  disease  in  man  and  is 
usually  accompanied  by  general  symptoms.  It  is  most  frequently 
seen  in  the  ruminants  and  in  the  dog;  less  frequently  in  barn-yard 
fowls,  and  very  rarely  in  the  horse.  Omega  gives  an  interesting  account 
of  ophthalmia  neonatorum  with  serious  corneal  complications  in  kit- 
tens whose  mother  was  suffering  from  a  purulent  vaginitis.  The  dis- 
ease extended  to  other  cats  in  the  neighborhood. 

Kalt  says  that  this  disease  is  c[uite  common  in  birds  and  may  be 
due  to  parasites  in  the  conjunctival  sac  and  membrana  nictitans. 
Jermolajew  noted  a  similar  occurrence  in  a  herd  of  cows,  while  Del- 
mer  has  described  an  acute  infection  with  involvement  of  the  cornea 
which  left  that  ocular  covering  perfectly  opaque. 

Although  examinations  of  the  secretions  in  the  ophthalmia  of  the 
new-born  in  chickens,  lambs,  kittens,  pups,  etc.,  have  hitherto  failed 
to  demonstrate  the  presence  of  the  gonococcus  yet  the  disease  in  all 
these  animals  strikingly  resembles  the  gonorrheal  infection  of  human 
infants  and  is  without  doubt  closely  allied  to  it. 

The  treatment  of  purulent  ophthalmia  in  animals  involves  an  at- 
tempt to  determine  its  cause,  to  remove  it  if  possible,  and  then  to 
apply  much  the  same  local  remedies  as  have  been  found  useful  in 
man.  Irrigation  with  1 :5000  to  1 :3000  of  mercuric  cyanide  once  a 
day,  meantime  using  more  frequently  a  cleansing  wash  of  warm 
boric  acid  in  the  form  of  Kalt's  lavage  (q.  v.)  will  be  found  very  ef- 
fective. The  lid  edges  should  be  smeared  with  vaseline  after  each 
irrigation  and  the  greatest  care  should  be  taken,  especially  during  the 
struggles  of  the  patient,  to  avoid  touching  the  cornea  wth  the  finger 
nail  or  with  any  of  the  appliances  used  in  treatment.  Very  little, 
apart  from  this  program  of  asepsis  and  antisepsis,  can  be  done  for 
complicating  corneal  ulcer  but  the  thermocautery  may  be  tried ;  or 
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the  ulcer  may  be  touched  with  1 :10  formalin,  followed  by  irrigation 
with  1 :5000  permanganate  of  potassium  every  three  hours.  Atropine 
is  also  useful  in  mammals  but  is  of  doubtful  utility  in  birds. 

Membranous  conjunctivitis,  often  as  a  part  of  diphtheria  of  other 
mucous  membranes,  affects  domestic  fowls,  but  rarely  the  dog,  the 
cow  or  the  goat.  The  false  membrane  attacks  chiefly  the  palpebral 
conjunctiva  but  it  may  extend  to  other  areas  in  that  membrane.  Se- 
cretion varies  in  character  and  amount,  ulceration  of  both  the  con- 
junctiva and  cornea  may  supervene,  followed  by  loss  of  vision.  Avian 
diphtheritic  conjunctivitis  has  little  to  do,  bacteriologically,  with  the 
Loeffler  infection  in  man,  although  clinically  they  closely  resemble 
one  another. 

The  preventive  treatment  of  this  affection  is  very  important  owing 
to  its  highlj'  contagious  character.  Isolation  strictly  carried  out  of 
all  suspects  and  the  prompt  vaccine  treatment  of  all  the  barnyard  fowls 
and  other  susceptible  contacts  are  the  chief  considerations.  Two 
antitoxin  inoculations,  twelve  days  apart,  seem  to  be  effective.  Lo- 
cally, both  eyes  should  be  irrigated  with  weak  solutions  (1:4000)  of 
sublimate  or  permanganate.  Kalt  recommends  that  the  false  mem- 
brane be  removed  and  the  denuded  surface  touched  with  spirits  of 
turpentine. 

Follicular  conjunctivitis  is  common  in  the  dog,  and  is  also  found 
in  many  other  animals.  The  nodules  may  be  so  close  as  to  give  the 
exposed  parts  the  appearance  of  a  sanded  surface.  The  hypertrophied 
papillffi  are  especially  abundant  beneath  the  third  eyelid.  Granular 
conjunctivitis  in  man  can  be  transferred  by  inoculation  only  to  the 
monkey. 

Tumors  of  the  conjunctiva. 

Epithelioma  and  sarcoma  have  been  observed  at  the  limbus  corncfe 
in  the  horse.  These  neoplasms  tend  to  spread,  may  involve  the  ocular 
interior  and  return  when  excised.  Enucleation  followed  by  radium 
or  the  X-rays  is  indicated. 

Pterygium  has  been  seen,  but  rarely,  in  both  the  dog  and  the  horse. 
Dermoid  tumors  are  very  rare  in  domestic  animals;  they  usually  oc- 
cupy the  external  sector  of  the  eye,  but  sometimes  are  seen  in  tlie 
cornea  proper. 

The  Sclera  and  its  diseases  in  the  lower  animals. 

Hyperemia  of  the  sclera,  especially  as  part  of  a  uveal  congestion, 
is  not  uncommon  and  is  more  marked  than  in  man  because  of  the 


13562  VETERINARY  OPHTHALMOLOGY 

iiuiueroiis  blood  vessels.  A  seleritis  apart  from  this  manifestation  is 
praetically  unknown  in  veterinary  o])hthalinology.  Posterior  stapluj- 
lama  is  generally  congenital,  Avliile  anterior  staphylonia  (and  biiplithal- 
mos)  belong  to  the  category  of  glaucoma.  Rupture  of  the  sclera  may 
occur  as  we  find  it  iu  man.  and  is  generally  seen  at  the  limbus. 

I'Jif  (■or)if(i  and  its  diseases. 

Although,  as  Kalt  points  out,  there  are  chiefly  two  forms  of  in- 
flaunnation  of  this  ocular  covering  and  we  may  speak  of  suppurative 
and  nonsuppurative  Jieratitis,  yet  the  signs  and  symptoms  vary 
greatly  in  the  different  classes  and  sub-classes  of  animals. 

Of  the  former  there  exist  abscess  and  ulcer  of  the  cornea,  neuro- 
I^aralytic  keratitis  and  keratitis  associated  with  lagophthalnius.  The 
non-suppurative  diseases  of  the  cornea  are,  chiefly,  superficial  kera- 
titis; vesicular,  parenchymatous,  and  deep  punctate  keratitis  and 
pannus. 

These  affections  of  the  cornea  as  they  are  found  in  the  lower  animals 
will  now  be  considered. 

Superficial  keratitis.  This  aff'ection  is  marked  by  a  removal  of  the 
anterior  epithelium  with  or  without  implication,  of  the  true  substance, 
and  its  cure  usually  depends  upon  the  depth  and  extent  of  the  corneal 
involvement.  It  follows,  generally,  a  conjunctival  catarrh,  trichiasis, 
traumatic  erosions,  foreign  bodies  under  the  lids,  etc.  It  is  also  seen 
as  an  accompaniment  of  bovine  pest,  sheep-pox  and  other  eruptive 
diseases,  appearing,  first,  as  a  vesicular  eruption,  and  generally  re- 
sults in  a  more  or  less  marked  i)annus.  This  sequel  of  non-suppu- 
rative keratitis  is  not  unconuuonly  seen  in  the  lower  animals. 

Parenchymatous  tierutitis.  This  disease  begins  generally  at  the 
corneal  periphery  and  gradually  covers  the  whole  membrane  until  it 
presents  a  white  or  yellowish-white  appearance.  Vessels  form  in  this 
infiltration  and  spread  over  the  surface  of  the  cornea,  giving  the 
appearance  of  a  pannus  tenuis.  In  other  words,  we  see  a  picture 
closely  resembling  the  same  disease  in  man.  It  (luite  often  accom- 
panies the  various  forms  of  animal  iritis  and  iridocyclitis  (of  which 
it  is  frequently  l)ut  an  extension  )  associated  with  the  typhoid  fever 
and  infective  pneumonia  of  the  horse,  the  gangrenous  coryza  of  the 
ox  and  with  certain  diseases  of  i)uppies.  It  is  seen,  also,  in  cowpox, 
in  the  pox  of  the  gor.t  and  in  young  bears  confined  in  cages.  It  is 
also  an  accompaniment  of  tuberculosis  of  the  anterior  uveal  tract — 
the  iris  and  ciliary  body — and  with  the  symptoms  and  signs  noticed 
in  man. 
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Deep  keratitis  has  been  ol^served,  according  to  ^lorax  and  Stock, 
in  the  course  of  trypanosomiasis  in  the  goat. 

Punctate  keratitis,  or  macular  corneitis,  was  first  observed  in  the 
horse  by  Froehner.  Later,  Bayer  observed  eight  eases  in  the  same 
animal.  The  circumscribed  corneal  opacities  are  like  ground  glass  but 
resolve  themselves  with  a  lens  into  minute,  grayish  points  seen  be- 
neath the  intact  epithelium.  The  course  of  tlie  disease  is  decidedly 
chronic;  there  is  very  little  reaction,  and  the  height  of  the  attacks 
may  not  be  reached  for  several  weeks.  Relapses  are  quite  common 
and  may  occur  at  intervals  of  from  one  to  three  months,  and  this 
state  of  affairs  may  persist  for  years.  The  cause  of  this  peculiar 
disease  is  unknown. 

Deep  punctate  keratitis,  or  descemetitis,  is  (as  in  man)  not  a  true 
corneal  lesion  but   a   sign  of  uveitis. 

Hypopyon  keratitis  is  the  usual  form  of  suppuration  of  the  cornea 
and  is  a  common  affection  in  veterinary  pathology.  It  presents  a  pic- 
ture almost  identical  with  that  seen  in  man.  As  in  the  human  dis- 
ease the  suppurative  process  may  be  arrested,  or,  going  on  to  per- 
foration of  the  cornea,  may  leave  a  scar  with  or  without  a  hernia 
of  the  iris.  In  the  horse  the  membrane  of  Descemet  is  relatively  thick 
and  so  resists  more  successfully  than  in  man  the  intraocular  pres- 
sure; therefore,  the  perforative  process  does  not  occur  as  quickly  or 
as  often  as  in  the  human  subject.  In  the  ox  and  dog,  on  the  other 
hand,  keratocele  fi-om  lliis  cause  is  not  uncommon.  The  etiologj'  of 
the  disease  is  much  as  we  find  it  in  nnin  ;  and  it  must  be  remembered 
that  tlie  general  condition,  such  as  mal-nutrition  (diabetes,  conunou 
in  young  dogs)  often  acts  as  a  predisposing  cause.  Undoubtedly, 
however,  corneal  traumatisms  from  dry  wheat,  hay  and  straw  stems, 
branches  of  trees,  etc.,  to  which  most  animals  are  exposed,  are  the 
chief  causes.  In  birds,  membraneous  conjunctivitis  is  not  rare  and 
often  leads  to  infection  of  the  cornea,  ulcer  and  panophtlialmitis. 
In  the  horse  influenza  and  (equine)  syphilis  have  been  held  respon- 
sible for  serpent  ulcer  of  the  cornea. 

Epizootic  keratitis.  This  accompaniment  of  epidemic  conjunctivitis, 
affects  in  particular  the  ruminants,  especially  the  ox.  It  is  also  .seen 
in  the  sheep,  goat  and  pig.  It  is  preceded  by  i-ise  of  temperature 
and  accompanied  hy  lachrymation,  photophobia  and  the  usual  .synq)- 
toms  of  an  acute  conjunctivitis.  At  first  there  ai)pears  at  tiie  center 
of  the  cornea  a  rounded  papule,  sometimes  white,  occasionally  yel- 
low, followed  by  an  ulcer,  at  the  base  of  which  a  fleshy  granulation 
is  seen  which  nmy  become  fibrous  and  ])ersist  indefinitely.  Some- 
times the  ulcer  perforates;  in  any  event  it  may  persist  tVom  two  to 
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four  weeks.  Occasionally  what  seems  a  rather  beuigii  kerato-con- 
junctivitis  may  terminate  (without  perforation)  in  a  serous  irido- 
cyclitis. 

Opinions  differ  as  to  the  exact  nature  of  this  epizootic  disease, 
which  has  spread  all  over  the  world ;  some  say  it  is  essentially  microhic, 
others  that  is  due  to  a  distoma,  still  others  that  it  is  a  sort  of  oph- 
thalmia nodosa,  and  spread  by  injuries  from  stubble,  briars,  etc.  At 
any  rate  it  is  not  transferable  to  man. 

The  prognosis  is  serious  since  it  generally  affects  both  eyes  and 
leads  to  blindness,  in  from  5  to  80  per  cent,  of  cattle  attacked,  ac- 
cording to  the  severity  of  the  particular  epidemic.  Even  isolation 
of  individuals  does  not  seem  to  prevent  the  spread  of  the  disease. 

The  sequelae  of  the  severe  forms  of  keratitis  and  corneal  ulcer  are 
much  the  same  as  in  the  human  subject.  As  stated,  such  results  as 
perforation  of  the  cornea,  anterior  polar  cataract,  fistula  cornejc,  etc., 
are  more  common  in  some  animals  than  in  others. 

The  treatment  of  purulent  keratitis  in  the  lower  animals  is  much 
the  same  as  in  man.  The  most  important  agent  is  antiseptic  irri- 
gation, 1 :3000  mercuric  cyanide,  1 :300  hydrogen  peroxid,  associated 
with  iodoform  ointment  and  atropine ;  and,  when  indicated,  paracen- 
tesis of  the  cornea  and  the  actual  cautery  for  serious  ulceration.  Sur- 
gical interference  may  be  difficult  in  those  animals  with  powerful 
orbicular  and  retractor  muscles,  and  care  should  be  taken,  in  em- 
ploying force,  not  to  rupture  the  weakened  cornea.  Nicholas  recom- 
mends eurretage  of  the  ulcer  margins  in  these  eases. 

In  the  rather  common  occurrence  of  corneal  ulcer  in  pet  dogs  hot 
compresses  frequently  repeated  will  be  found  of  considerable  value. 
If  perforation  threatens  paracentesis  followed  by  the  use  of  eserin  is 
indicated.  Especially  Avhen  recent,  white  opacities  are  not  neces- 
sarily fatal  to  eyesight,  as  edema  and  exudates  are  much  more  exten- 
sive in  most  domestic  animals  than  in  man,  and  a  favorable  outcome 
may  be  expected  more  frequently  than  one  could  hope  for  from  a  simi- 
lar appearance  in  the  human  cornea. 

Leucomata  may  be  tattooed,  and  an  optical  iridectomy  can  be  em- 
ployed if  required. 

Sympathetic  ophthaJwia  has  never  heeu  ohserrcd  in  the  lower  an- 
imal. 

Vesicular  keratitis  (febrile  herpes)  is  seen  in  the  aphthous  fever 
and  "rot"  in  sheep;  in  the  horse-pox  and  the  variola  of  the  cow  and 
sheep.  Dogs  are  very  subject  to  phlyctenules;  while  true  corneal 
herpes  is  not  unknown  in  some  animals. 

Tuhcrculous  keratitis  has  been  observed— but  it  is  rare — in  the  cow 
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aud  pig;  while  cases  of  neuroparalytic  keratitis  have  a  i'ew  times  been 
noted  as  a  result  of  injury  of  the  trigeminus  and  its  branches.  Kera- 
toconus  and  tumors  of  the  cornea  have  also  been  described. 

Diseases  of  the  uveal  tract. 

For  the  comparative  anatomy  of  this  region  see  Comparative 
ophthalmology. 

The  iris  pigment,  which  in  herbivora  takes  the  form  of  "soot-balls/' 
is  easily  detached  and  may  be  deposited  (as  a  sort  of  hernia  or  ectro- 
pion uveae)  in  the  anterior  chamber.  This  condition,  very  rare  in 
human  beings,  is  quite  common  in  the  horse,  cow  aud  sheep.  It  is 
very  marked  in  the  last  named ;  but  rarely  seen  and  of  slight  degree 
in  the  dog. 

The  ciliary  muscle  is  very  well  developed  in  birds  and  in  monkeys ; 
but  slightly  in  the  horse,  cat,  dog,  pig,  and  the  ruminants. 

In  the  lower  animals  inflammations  of  the  uvea  are,  as  a  result 
of  the  less  intimate  anatomical  relations,  generally  of  the  posterior 
and  not  of  the  anterior  segments  as  in  man ;  and  they  are  more  easily 
divided  into  the  two  categories,  iridocyclitis  and  choroiditis. 

Iridocyclitis,  however,  closely  resembles  the  same  affection  in  the 
human  subject,  has  the  same  signs,  the  same  complications  and— wlien 
not  f»romptly  treated — the  same  endings. 

The  study  of  the  various  forms  of  uveitis  has  been  mostly  carried 
out  on  the  horse,  and  especially  as  a  complication  of  periodic  fever — 
a  very  common  disease  of  that  animal.  This  curious  and  as  yet  mys- 
terious, often  epidemic,  general  infection  (probably  bacterial)  mostly 
shows  itself  in  the  eye. 

The  chief  character  of  this  disease  is  its  periodicity;  whether  the 
inflammation  be  acute  or  chronic  it  varies  in  its  intensity  and  course, 
relapses  occurring  every  day  or  two  or  eveiy  few  weeks  or  months. 
It  may  attack  one  eye  or  both. 

The  pathology  of  the  disease  is  what  one  would  expect  from  the 
symptoms  and  course.  The  chief  alterations  are  the  immense  increase 
in  the  size  of  the  chorio-retinal  vessels  and  in  the  quantity  of  exudates 
thrown  out  in  the  course  of  the  disease.  Little  by  little  the  ciliary 
body  is  invaded,  its  true  substance  is  destroyed  and  its  place  taken 
by  a  dense  fibrous  mass  traversed  by  sclerosed  vessels  that  surround 
the  iris  and  even  the  cornea,  the  former  organ  being  profoundly  al- 
tered in  structure.  Detachment  of  the  retina  is  often  seen  in  the 
chronic  cases,  and  the  optic  neiwe  fibres  undergo  morbid  changes. 

Although  periodic  iridocyclitis— whether  it  be  acute,  subaciite  or 
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clironie — begins  in  some  part  of  the  uveal  tract  it  tends — if  it  lasts 
long  enough — to  involve  all  the  structures  of  the  eyeball  and  espe- 
cially in  the  chronic  form  corresponds  to  tlie  human  form  of  panoph- 
tlialmitis. 

Other  varieties  of  irielocyclitis  are  seen  in  domestic  animals,  espe- 
cially those  accompanying  respiratory  diseases,  typhoid  fever,  rheu- 
matism, diphtheria  and  glanders.  In  France  these  forms  are  given 
one  name,  'internal  ophthalmia,"'  when  tliey  are  not  some  variety  of 
periodic  fever. 

Sometimes  one  observes  in  the  cow.  a  form  of  uveitis  closely  re- 
sembling the  periodic  fever  of  the  horse,  and  it  has  been  seen  to 
break  out  simultaneously  in  droves  of  both  animals  on  the  same  farm. 

Uveitis  anterior  is  not  uncommon  in  young  dogs. 

Tuberculous  iridocyclitis.  As  a  primary  infection  this  is  a  rare 
disease  among  animals.  When  it  occurs  it  is  almost  always  derived 
from  some  distant  focus  by  way  of  the  blood  channels. 

Tuherele  of  the  ciliary  body  has  been  seen  in  the  pig,  but  it  is  very 
uncommon. 

Uveal  tubercle  has  been  noticed  as  nodules,  both  discrete  and 
massed,  in  the  iris.  In  the  former  instance  the  deposits  are  yellow- 
ish-white, of  about  the  size  of  millet-seeds,  scattered  most  profusely 
at  the  periphery,  the  posterior  surface  of  the  iris  being  covered  by  a 
fibrous  exudate.  The  conglomerate  form  has  been  found  in  the  ox. 
Beginning  at  the  periphery  the  deposits  spread  towards  the  pupillary 
border  and  even  project  into  the  anterior  chamber.  This  type  of 
tubercle  also  tends  to  infect  the  ciliary  body,  to  pierce  the  sclera  and 
show  itself  externally  as  a  tuberculoma. 

The  prognosis  in  all  forms  of  tuberculous  iridocyclitis  is  unfavor- 
able ;  vision  is  affected  seriously  and  the  eye  commonly'  succumbs  to 
a  general  atrophy  in  spite  of  all  treatment. 

In  France,  the  buyer  of  an  animal  which,  within  thirty  days  of 
purchase,  shows  signs  of  tuberculous  eye  disease  has  a  legal  right  of 
recovery  if  he  is  able  to  prove  by  the  existence  of  the  usual  signs 
(posterior  synechias,  exudates,  pupillary  paresis,  etc.)  that  there  ex- 
isted evidence  of  the  disease  (fluxion  pcrioclique)  at  the  time  of  the 
transaction.  Here  it  is  that  the  services  of  an  expert  ophthalmic 
veterinarian  are  needed,  especially  in  the  case  of  valuable  animals 
(pedigreed  stock,  race-horses,  etc.)  for  the  purpose  of  deciding 
whether  they  have  had  previous  attacks  of  eye  disease  or  not.  The 
French  found  at  their  army  remount  stations  that  nearly  four  per 
cent,  of  the  horses  had  to  be  rejected  for  this  disease  alone. 
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Treatment  consists  in  the  local  use  of  one  per  cent,  atropin  solu- 
tion combined  Avith  one  to  two  per  cent,  cocaiii.  Tliis  collyrium 
may  be  used  when  the  disease  is  tirst  noticed,  as  often  as  five  or  six 
times  a  day;  or  in  the  very  acute  cases  it  may  also  be  employed  a,s 
an  ointment,  or  subconjunctivally.  Jjceches  to  the  angular  vein  and 
blisters  may  be  used  as  ad.juvants,  lieiug  careful  that  the  animal  does 
not  rub  the  eye.  The  eyes  should  be  kept  (|ui('t  and,  of  course,  ji-uarded 
against  bright  light. 

Nicolas  has  advised  the  subconjunctival  injection  of  from  1  to  3 
ce.  of  mercury  cyanide,  1  :200,  and  reports  that  a  favorable  result 
has  followed  this  course. 

By  paracentesis  (under  general  narcosis)  the  exudates  into  the 
anterior  chamber  can  be  removed,  and  Bayer  has  even  employed 
iridectomy  in  the  very  chronic  cases  with  extensive  synechife. 

Internal  treatment  consists  in  the  employment  of  the  mixed  iodides, 
followed  by  Dor,  preferably  the  intravenous  injection,  every  day  for 
a  week,  of  10  to  20  grms.  (increasing  the  dose  day  by  day)  in  one 
per  cent,  solution.  By  the  mouth  (which  seems  just  as  eflFective)  the 
iirst,  daily  dose  is  20  grammes,  increased  gradually  to  40  grammes 
administered  two  or  three  times  a  day. 

Symptomatic  or  traumatic  iridocyclitis  calls  for  no  special  treat- 
ment, except  that  as  s.ympathetic  ophthalmia  does  not  occur  in  the 
lower  animals  a  precautionary  enucleation  is  not  indicated. 

Tumors  of  tJic  uveal  tract  are  extremely  rare  in  animals,  although 
sarcoma,  enchondroma  and  iridic  cysts  are  described. 

Persistent  pupillary  memhranc  has  been  observed  in  most  domestic 
animals. 

Especially  in  the  horse,  coloboma  of  the  choroid  and  iris  has  ))cen 
noticed,  associated  sometimes  with  microphthalmus,  as  Bayer  mentions. 

Ocular  albinism,  or  ''wall-eye,"  is  not  a  rare  congenital  condition  in 
animals,  especially  in  such  domestics  as  the  great  Dane,  many  horses, 
and  certain  varieties  of  the  hog. 

Infammatio)t  of  the  cJwroid. 

This  is  of  very  rare  occurrence,  except,  perhaps,  in  the  horse.  W*^ 
distinguish  a  diffuse  form,  due  to  the  same  causes  as  iridocyclitis,  and 
a  true  disseminated  choroiditis.  The  latter  (see  the  figure)  is  in- 
variably found  in  the  inferior  sectors  of  the  fundus  on  both  sides 
of  the  optic  disc.  Pathologically  the  disease  seems  to  be  identical  with 
the  same  disease  in  man.    Prognos's  in  the  diffuse  form  is  very  grave; 
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on  the  contrary  that  of  choroiditis  disseminata  is  hopeful,  and  it  does- 
not  to  any  extent  affect  vision,  since  the  process  is  strictly  peripapil- 
lary and  does  not  involve  the  macular  region. 

Tuberculous  choroiditis,  whether  in  form  the  of  miliary  or  massed 
deposits,  is  a  serious  though  often  slowly  progressive  disease.  In  the 
pig 'the  conglomerate  (the  common)  form  may  invade  the  sclera  and, 
perforating  it,  appear  externally  as  a  yellowish  tumor  mass,  vary- 
ing in  size  from  a  pea  to  a  hazel  nut. 

The  invasion  of  the  various  parts  by  uveal  tuberculosis  in  the  cow" 
and  pig  is  about  as  follows :  in  30  cases,  the  whole  uvea  was  involved 
in  five;  in  13,  the  choroid  alone;  in  12,  the  anterior  segment  only, 
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Disseminated  Choroiditis  in  the  Horse.     (Nicolas.)      {Encyclopedie  Frangaise.) 

being  limited  to  the  iris  in  three  instances,  and  in  two  to  the  ciliary 
body. 

As  to  the  frequency  of  ocular  tuberculosis  in  the  lower  animals, 
Manleiter  found  that  of  200  cattle  (10  years  of  age  and  under)  so 
affected  by  the  general  infection  as  to  be  unfit  for  food  five  per  cent, 
had  tuberculous  eye  diseases,  while  of  250  pigs  less  than  a  year  old 
only  1.6  per  cent,  were  so  diseased. 

Here  one  may  refer  to  the  possibility  (discussed  under  Compara- 
tive ophthalmology)  of  the  development  of  a  myopic  choroiditis  in 
OAvls  and,  perhaps,  in  other  animals. 

A  panophthalmitis  (puinilent  iridocyclitis)  as  the  result  of  metas- 
tasis in  the  course  of  bronchopneumonia,  meningitis,  etc.,  has  already 
been  referred  to  as  occurring  in  the  horse  and  rabbit,  but  this  dis- 
ease is  generally  the  result  of  penetrating  and  subsequently  infected 
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wounds  of  the  eyeball.  In  spite  of  all  treatment  (injections  of 
cyanide,  hot  fomentations,  incisions)  the  eye  is  usually  destroyed  and 
the  termination  of  the  disease  is  in  phthisis  hulhi.  Enucleation  fol- 
lowed by  the  insertion  of  an  artificial  eye,  greatly  improves  the  cos- 
metic appearance  of  such  a  globe,  and  in  valuable  animals  is  the  com- 
mon practice. 

Glaucoma  in  the  lower  ammals. 

True  glaucoma  is  yevj  rare  in  the  horse,  but  when  present  is  indi- 
cated by  the  same  signs  as  in  man. 

Eversbusch  reports  two  cases  in  the  dog  that  showed  the  same 
changes — ophthalmoscopic  and  other — observed  in  human  cases. 
Schloesser  observed  an  acute  glaucoma  after  injury  to  the  lens  in 
the  rabbit,  the  traumatism  being  followed  by  atrophy  of  choroid  and 
retina. 

"While  adult  glaucoma  is  a  most  uncommon  disease  in  animals, 
hydrophthalmus,  or  the  glaucoma  of  early  life,  is  quite  frequently  seen, 
and  presents  about  the  same  signs  observed  in  infants.  The  excavation 
of  the  papilla  shows  very  plainly  in  the  rabbit  and  the  dog.  The 
disease  may  be  congenital  or  it  develops  (generally  as  the  result  of 
inflammatory  processes)  at  various  ages,  and  progressing  a  certain 
distance  may  remain  stationary  for  long  penods ;  or  undergo  regressive 
atrophic  changes.  The  treatment  is  much  the  same  as  in  man,  except 
that  iridectomy  is  even  more  frequently  followed  by  intraocular 
hemorrhage  and  other  disasters,  so  that  enucleation  may  be  considered 
in  preference.  Elliot's  operation  (without  iridectomy)  is,  however, 
worth  trying  and  is  certainly  to  be  preferred  to  excision  of  the  iris. 

Diseases  of  the  retina  and  optic  nerve  of  animals. 

A  not  uncommon  form  of  retinitis  is  associated  with  diffuse  choroi- 
ditis (q.  v.).  Pigmentary  retinitis,  however,  of  the  human  type  is 
unknown  in  the  lower  animals.  The  majoritj^  of  the  retinitides  are  the 
result  of  infectious  maladies,  such  as  the  so-called  epizootic,  petechial 
fever  (horse),  leukemia,  male  fern  poisoning  and  wounds  of  the  globe. 
Tuberculosis,  as  has  been  stated,  accounts  for  retinitis  with  hemor- 
rhages, followed  by  the  white  plaques  seen  in  cattle.  Nothing  is  known 
of  retinal  lesions  in  albuminuria  and  diabetes. 

Detachment  of  the  retina  shows  itself  in  the  partial  form  as  a 
peculiar  lesion  in  the  horse.  In  this  animal  the  separation  may  assume 
the  characters  shoAvn  in  the  accompanying  figure— yellowish-white, 
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radial  folds  symmetrically  placed  alx)ut  the  papilla,  their  length  being 
from  one  to  two  disc-diameters,  and  raised  1  to  2  mm.  (one  or  two 
diopters)  above  the  retinal  plane. 

In  the  dog,  separation  of  the  retina  exhil)its  the  same  appearances 
as  in  man,  l)eginning  at  the  periphery,  and  may  eventually  become 
total,  in  wavy  folds.  In  all  these  cases  there  is  a  vitreous  involvement, 
generally  the  result  of  an  iridocyclitis.  Tlie  disease  has  been  observed 
by  Nicolas  in  the  pigeon  and  the  pig. 

Tumors  of  the  retina  are  very  rare,  although  cysts  have  been  reported 
as  occurring  in  the  ox,  dog  and  horse ;  and  retinal  sarcoma  in  the  horse. 


Partial,  Pcripainllary  Separation   of  tlie  Bctina  in  the  Horse.      (Nicolas.) 

Retrobulbar  neuritis  has  never  been  detected  in  animals,  but  lyapille- 
dema  (probably  true  choked  disJ:)  has  been  noted,  due  to  causes 
similar  to  those  found  in  the  human  subject — chief  among  them  being 
cerebro--spinal  meningitis  (cattle)  and  hydrocephalus  (horse).  For 
example,  brain  tumor  (sarcoma  in  the  cat  and  horse),  and  cerebral 
hemorrhages  (in  the  horse  and  dog)  have  been  reported  as  a  cause  of 
choked  disk. 

Optic  atrophy  shows  itself  by  the  same  signs  and  symptoms  exhib- 
ited by  man.  Jt  occurs  in  the  lower  animals  as  a  consequence  of  optic 
inflammations,  lesions  of  the  brain  and  cord — cerebral  softening,  spon- 
taneous (?)  hemorrhages,  fractures  of  the  skull — as  well  as  of  ex- 
tensive loss  of  blood,  diseases  of  the  heart,  influenza,  polyuria,  etc. 
Eversbusch  has  recorded  double  optic  atrophy  as  a  familial  disease, 
affecting  a  family  of  seven  dogs. 

Hyaline  growths  of  the  optic  nerve  have  been  described  by  Nicolas 
as  occurring  not  uncommonlv  in  the  horse. 
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Cataract  in  the  loafer  animals. 

This  subsection  should  be  read  in  conjunction  with  the  description 
given  under  Comparative  ophthalmology  of  the  various  tyjies  of 
animal  lenses,  and  their  physiologic  and  anatomic  relations. 

Capsular  cataract,  especially  the  anterior  polar  variety,  is  very 
rare  among  the  lower  animals,  although  Bayer  describes  it  in  tlie 
horse  as  a  congenital  lesion.  Posterior  polar  cataract  is  more  common, 
as  an  opacity  accompanying  persistent  hyaloid  artery. 

True  lenticular  cataract  may  be  partial,  may  be  limited  to  sub- 
capsular areas  or  it  may  involve  the  whole  lens.  Bayer  and  Nicolas 
have  described  subcapsular  opacities  that  were  probably  congenital. 
Se^iile  cataract  is  rare  in  wild  animals,  if  for  no  other  reason  than  that 
they  do  not  live  long  enough,  but  it  is  seen  in  the  domestic  class — dog, 
cat,  caged  birds.  Juvenile  cataract  is  often  found  in  young  dogs 
(Moller),  during  the  first  three  years  of  life,  and  may  affect  only  one 
eye.  In  these  cases  the  cause  is  unknown,  and  the  opacification  may 
be  complete  in  a  few  weeks.  Diabetes  is  a  cause  of  cataract  in  dogs. 
Iridocyclitis  is  by  far  the  commonest  cause  of  cataract  in  the  lierb- 
ivora — in  horses  especially — and  it  is  often  subcapsular.  Traumatism 
is  another  common  source  of  cataract. 

Sulzer  has  described  epidemic  cataract  in  fishes — in  the  trout  espe- 
cially-^due  to  penetration  by  the  larva  of  a  distoma  found  living  in 
the  interior  of  the  lens.  This  parasite  also  pierces  the  eyeball  or  may 
provoke  disorders  leading  to  corneal  perforation. 

An  interesting  series  of  familial  cataract  is  reported  by  (,\  P.  Small 
{Am.  Journ.  of  Ophthalm.,  1919),  who  observed  four  (and  possibly 
five)  members  of  one  bovine  family  with  congenital  cataract  in  a 
valuable  herd  belonging  to  the  Agricultural  Department  of  the  Univer- 
sity of  Illinois. 

The  treatment  of  animal  cataract  presents  three  operative  methods, 
discission,  extraction  and  reclination,  but  all  these  are,  owing  to 
intrinsic  difficulties,  and  as  a  matter  of  experience,  unfavorable  to  the 
animal.  In  all  the  larger  domestics  the  retractor  muscle  and  the 
third  eye-lid  (or  its  remains)  present  formidable  obstacles  to  a  suc- 
cessful outcome  of  most  operative  procedures.  The  employment  of  a 
speculum  designed  to  elevate  the  latter  has  not  proved  of  much  use, 
while  the  pressure  of  the  muscular  contractions  on  the  eyeball  is  often 
fatal  in  an  attempted  extraction. 

In  any  event  eocain  anesthesia  is  insufficient  and  the  operation  must 
be  done  under  general  narcosis.  It  must  be  remembered,  in  this  con- 
nection,  that   ether   and   cliloroform   anesthesia    is   particularly   dan- 


13572  VETERINARY  OPHTHALMOLOGY 

gerous  in  dogs  that  have  reached  middle  age  and  are  affected  by 
cardiac  disease. 

The  large  size  of  the  lens  (as  compared  to  the  human  crystalline) 
must  be  borne  in  mind  while  making  the  corneal  incision,  which  must 
be  extensive,  and  an  iridectomy  is  required  to  prevent  prolapse  of  the 
iris.  Even  if  the  extraction  wound  heals  nicely  and  without  being 
infected,  it  is  often  followed  by  a  whitish  corneal  infiltration  that  ma}^ 
persist  indefinitely.  Kalt  (Encyclopedie  Frangaise)  mentions  two 
such  instances  in  dogs  which  were  also  complicated  with  hemorrhage 
into  the  anterior  chamber.  He  notes  that  Leblanc,  in  1824,  condemned 
extraction  of  cataract  in  the  lower  animals,  having  become  discouraged 
by  the  occurrence  of  so  many  untoward  accidents — iris  prolapse, 
ectatic  scars,  hernia  of  the  vitreous,  intraocular  bleeding  and,  not 
infrequently,  loss  of  the  eye.  Hence  he  preferred  reclination  of  the 
cataract.  Berlin  came  to  ihe  same  conclusion  after  many  trials  on 
the  horse,  and  found  that  extraction  was  generally  followed  by 
atrophy  of  the  globe ;  and  his  experiences  with  the  dog  were  not  much 
better. 

Recliiiation  of  cataract  in  animals  is  more  easily  carried  out  than 
extraction,  but  this  procedure  may  be  accompanied  or  followed  by 
intraocular  hemorrhage  (due  to  traction  on  the  ciliary  body)  by  sepa- 
ration of  the  retina  and  by  iridocyclitis.  Bayer  recommends  it  (for 
cosmetic  reasons)  in  eyes  of  horses  destroyed  by  periodic  fever,  and 
Berlin  finds  it  succeeds  fairly  well  in  dogs.  MoUer  also  favors  depres- 
sion in  lower  animal  cataract.    It  is  rarely  followed  by  glaucoma. 

When  the  animal  is  young,  discission  is  to  be  preferred,  as  well  as 
in  all  cases  of  soft  cataract.  The  operation  may  be  repeated  a  number 
of  times;  and  if  absorption  does  not  take  place  reclination  may  be 
resorted  to. 

In  the  case  of  unusually  docile  and  intelligent  animals  cataract 
glasses  may  be  worn,  and  Suarez  de  Mondoza  reports  the  case  of  a  dog 
who  used  them  with  advantage! 

The  technic  of  these  three  operations  closely  resembles  that  followed 
in  the  human  subject.  Kalt  believes  that  the  horse  requires  chloro- 
form while  the  dog  may  be  given  a  preliminary  hypodermic  of  5  cgms. 
of  morphia  half  an  hour  before  the  operation,  which  is  then  carried 
out  under  ether.     In  some  small  animals  cocain  alone  may  suffice. 

After  a  discission  it  is  better  not  to  apply  a  bandage,  although  the 
animal's  eye  should  be  covered  to  prevent  his  rubbing  the  part — 
such  as  is  elsewhere  pictured  in  this  section. 

The  steps  both  in  reclination  and  extraction  are  as  in  man,  except 
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that  in  the  latter  operation  an  iridectomy  is  always  indicated  owing 
to  the  comparatively  large  size  of  the  lens. 

The  Ophthalmic  Review  abstracts  the  following  account,  from  the 
WocJienschr.  f.  Ther.  und  Hygiene  des  Auges,  1908,  of  the  extraction 
of  a  cataract  from  the  eye  of  a  rhinoceros  at  the  New  York  Zoological 
Gardens.  The  animal  consumed  900  grammes  of  chloroform  and  200  of 
ether  before  narcosis  was  sufficiently  deep,  and  in  the  process  several 
of  the  attendants  were  nearly  overcome.  Dr.  Mater,  Lecturer  on 
Ophthalmology  in  the  Veterinary  College,  was  the  operator,  and  the 
assistants  included  fourteen  well-known  surgeons  and  veterinary  sur- 
geons, six  journalists,  three  photographers,  and  ten  attendants  from 
among  the  staff  of  the  Gardens.  One  great  difficulty  which  had  to  be  eon- 
tended  with  was  to  keep  watch  upon  the  heart  of  the  unwieldy  patient, 
for  his  skin  was  so  thick  that  no  pulse  was  perceptible  by  ordinary 
means.  The  operation  lasted  in  all  about  half  an  hour,  and  was  suc- 
cessful, we  are  given  to  understand,  which  is  far  from  always  being 
tlie  case  in  the  lower  animals. 

Dislocation  of  the  lens  following  rupture,  more  or  less  complete,  of 
the  zonula,  is  not  uncommon  in  the  horse,  after  which  (through  the 
dilated  pupil)  can  be  seen  the  displaced  margin  of  the  crystalline. 
While  this  condition  often  results  from  traumatism  yet  in  the  hcr- 
l^ivora  it  more  frequently  follows  an  iridocyclitis. 

Diseases  of  the  vitreous  in  theloiver  aniynals. 

Vitreous  hemorrhages  are  often  noticed  in  horses  during  the  course 
of  an  iridochoroiditis  {q.  v.).  These  deposits  present  the  appearance 
of  dust-like  opacities,  or  they  take  the  form  of  threads  and  membranes. 
Kalt  believes  they  may  be  seen  in  from  10  to  15  per  cent,  of  cases  of 
equine  iridochoroiditis.  They  should  not  be  mistaken  for  the  remains 
of  the  (congenital)  hyaloid  artery. 

Synchysis  scintillans  has  rarely  been  seen  in  the  lower  animals  dur- 
ing life  but  the  cholesterine  crystals  have  been  found  post  moricm. 

Exophthalmos. 

Some  animals— like  the  King  Charles  spaniel— have  normally  very 
prominent  eyeballs  which  are  rendered  more  exophthalmic  by  disease, 
such  as  orbital  tumors,  cellulitis,  etc.    Terni  has  reported  attacks  of 
epidemic  exophthalmos  in  fishes,  the  origin  being  an  intestinal  infec 
tion  that  eventuallv  invaded  all  the  tissues. 
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The  vascular  supply  of  the  orbit  in  rabbits  is  so  extensive  and  the 
veins  anastomose  so  freely  with  the  cavernous  sinus,  the  internal 
jugular  and  the  facial  vein  that  the  orbital  contents  are  readily 
affected  by  infection  from  wounds  of  the  head,  neck,  and  face.  Conse- 
quently these  animals  are  especially  subject  to  intermittent  and  other 
forms  of  exophthalmia — as  Ulbrich  has  shown. 

Exophthuhnic  f/oitre  has  been  reported  as  occurring  in  the  cow,  the 
horse  and  the  dog,  with  practically  the  same  symptoms  exhibited  by 
man ;  and  the  treatment  is  the  same. 

Enopkthahnus  sometimes  follows  severe  injuries  to  the  globe. 

Wounds  of  the  cyehall,  foreign  bodies  and  panisites  are  much  the 
same  as  in  the  human  subject.  Various  species  of  filaria  as  well  as  the 
cysticercns  cellulosa  are  the  commonest  of  the  last  named. 

Domestic  fowls  are  subject  to  a  purulent  conjunctivitis  due  to  a 
small  white  worm — spiroptera  numsoni — that  lives  under  the  third 
eyelid  and  in  the  cul-de-sac ;  it  infests  also  the  imsal  sinuses  and  neigh- 
boring cavities,  but  it  does  not  enter  the  eyeball. 

The  cjjsticercus  penetrates,  as  in  man,  the  voluntary  muscles — in- 
cluding those  of  the  eye — as  one  development  of  hog  measles. 

The  methods  of  enucleation,  evisceration  and  prothesis  are 
practically  the  same  in  lower  animals  as  in  the  human  subject.  Bayer 
has  imitated  the  appearance  of  the  normal  pupil,  absent  from  the 
altered  eye  of  a  dog,  by  a  subconjunctival  injection  of  India  ink. 
Trasbot  recommends  that  the  equine  prothesis  be  made  of  gutta  percha, 
should  be  ovoid  in  form,  and  should  measure  45  mm.  in  its  largest 
diameter. 

Mouquet  advises  that  the  artificial  eye  in  dogs  be  made  of  enamel, 
of  glass  or  a  combination  of  these.  These  protheses,  in  the  case  of  all 
animals,  should  be  removed  for  replacement  once  a  day  and  cleansed. 

As  a  substitute  for  prothesis  the  lid  edges  may  be  joined  by  a  tar- 
sorraphy. 

Ghisleni  has  employed  the  intraorbital  injection  of  paraffin  ^s  an 
adjunct  to,  or  a  substitute  for,  the  artificial  eye. 

Orhitcd  affections  in  animals  resemble  closely  those  noted  in  man — - 
wounds,  injuries  from  foreign  bodies,  orbital  cellulitis,  metastatic 
inflammations,  a  large  number  of  tumors,  parasites,  etc.  The  treat- 
ment of  these  j^athologic  conditions  is  about  the  same  as  in  human 
subjects. 

Lachrymal  diseases  in  animals. 

The  student  who  would  intelligently  treat  veterinary  eye  cases 
should    be    conversant    with    the    anatomy    and    physiology    of    the 
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organs  under  consideration.  A  study  of  the  laelirymal  apparatus 
in  the  various  subclasses  of  the  animal  kingdom — especially  of  do- 
mestic animals — is  essential  to  success  in  dealing  with  diseases  of 
this  rather  complicated  mechanism.  The  essentials  of  such  a  study 
are  to  be  found  under  Comparative  ophthalmology  in  this  Encijdo- 
pedia  and  in  monographs  elsewhere.  He  will  find  that  ihe  lachrymal 
gland  is  4  to  5  cm.  long  and  2  cm.  broad  in  the  horse,  but  that  it  is 
quite  small  in  the  dog  and  almost  wanting  in  birds. 


The   Lachrymal   Canal   of  the   Horse.     Passage   of   a   Bougie. 
(Cadiot  and  Ahny.     Encychipedie  Francaisr.) 

The  pathology  of  diseases  of  the  tear  passages  is  not  well  worked 
out  in  most  of  the  lower  animals.  Con(j(7iiial  dacryocystitis  is  seen  m 
chickens,  accompanied  by  a  mucopurulent  conjunctivitis,  and  a  com- 
pressible tumor  near  the  eanthus. 

Ac(iuired  dacryocystitis  is  genercilly  the  result  of  dust  infection  of 
the  conjunctiva  and  the  resulting  ol)structi()n  is  generally  at  ihe  lower 
part  of  the  canal. 

In  the  turkey  i1  has  been  seen  to  occui-  cpicU'inically.  and  may  l'" 
followed  by  listula.  The  laelirymal  syringe  is  useful  in  Ihe  diagno.sis 
and  treatment  of  all  these  eases,  and  Xi.-hohis  has  used  one  of  200  ec 
in  equine  patients.  _      i     -i  i 

The  use  in  the  horse  of  the  lachrymal  sound  in  the  form  of  a  Hexi]>le 
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catheter  is  illustrated  in  the  accompanying  figure.  The  canal  in  the 
horse  is  so  sinuous  that  only  such  a  soft  rubber  bougie  (olive  point 
preferred)  can  be  employed  that  will  adapt  itself  to  the  course  of  the 
canal.  The  instrument  should  be  entered  by  way  of  the  lower  canalicu- 
lus and  carefully  passed  into  the  nose. 

Muscular  anomalies  in  tJie  lower  animals. 

Squint  has  been  noticed  in  many  families,  especially  of  domestic 
animals.  Probably,  as  in  the  case  of  man,  domestication  and  civiliza- 
tion— a  term  that  can  be  applied  to  many  species  of  the  so-called 
lower  orders — tend  to  produce  strabismus,  which  is  extremely  rare  in 
wild  races.  At  any  rate  this  muscular  anomaly  has  been  recorded  in 
the  hen,  the  horse,  the  ox,  the  rabbit  and  the  dog.  In  animals  endowed 
with  binocular  vision  (the  dog,  for  example)  it  is  easy  to  demonstrate 
a  strabismic  deviation  of  the  eye,  but  this  is  not  so  easy  in  those  ani- 
mals with  monocular  vision  only. 

The  pose  of  the  head  in  paralytic  cases  is  useful  and  often  serves 
to  indicate  the  character  of  the  lesion. 

A  large  Cartagena  parrot  in  the  National  Zoological  Park,  Wash- 
ington, furnished  a  good  example  of  paralytic  hypertropia  in  being 
obliged  to  elevate  his  mandibles  high  in  the  air  to  see  objects  much 
above  the  horizon.  He  had  no  lid  paralysis  and  could  see  well  objects 
on  the  ground. 

The  causes  of  paretic  squint  in  animals  are  much  the  same  as  those 
in  man.  Of  the  causes  of  concomitant  squint  in  the  lower  animals  we 
know  very  little. 

Nystagmus  has  been  reported  in  the  pig  following  botulism  from 
eating  pickled  herring.     It  is  occasionally  a  symptom  in  the  horse  of 
cerebrospinal  meningitis  and  in  the  rabbit  of  cerebellar  atrophy. 
Vibratory  massage.    See  p.  7612,  Vol.  X  of  this  Encyclopedia. 
Vibroscope.     An  instrument  for  observing,  or  registering,  vibrations. 
Vicarious  menstruation  through  the  palpebral  skin  is  said  to  have  oc- 
curred in  a  few^  instances  but  the  authority  for  the  statement  is  not 
very  trustworthy. 
Vidal,  Auguste  Theodore.     A  famous  French  surgeon  and  physician,  of 
some  importance  in  ophthalmology.    Born  Jan.  3,  1803,  in  the  village 
of  Cassis  near  Marseilles,  France,  he  at  first  studied  medicine  in  Mar- 
seilles, later,  however,  at  Paris.    At  the  latter  institution  he  received 
his  degree  in  1828,  presenting  as  dissertation  "Nouveau  Procede  pour 
Extraire  les  Calculs  de  la  Vessie."    Settling  in  Paris,  he  soon  became 
collaborator  on  "La  Cliniqvr,"  "Laiiccfte,"  "Gazette  Mcdicalv"  and 
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"Journ.  Univ.  Hehdomadaire."  In  1832  he  was  made  extraordinary- 
professor  of  surgery,  and  in  1833  hospital  surgeon.  The  full  professor- 
ship he  never  reached.  He  was,  however,  a  brilliant  teacher,  a  dexter- 
ous operator,  especially  on  the  eye,  and  a  brilliant  and  forceful  writer. 
He  died  unexpectedly  April  15,  1856,  aged  only  52  years. 

Aside  from  his  general  wTitings,  which  are  much  the  more  impor- 
tant, he  wrote  two  journal  articles,  one  on  lachiymal  abscess,  tlie  other 
on  the  treatment  of  syphilitic  iritis;  which  appeared  in  the  "Annalcs 
d'Oculistique,"  at  p.  234  of  Vol.  XXIV,  and  p.  191  of  Vol.  XXXIV, 
respectively.— (T.  H.  S.) 

Vidal,  Domingo.  An  18th  century  Spanish  ophthalmologist,  who,  be- 
sides translating  certain  ophthalmologic  writings  from  the  German, 
wrote  '^Tratado  de  las  Enfermedades  de  los  Ojos  para  Instruccion  de 
los  Alumnos  del  Real  Colegiode  Cirurgia  de  Barcelona,  por  el  Licen- 
ciado  Don  Domingo  Viddl,  Bihliotecario  y  Maestro  del  Mismo  Cole- 
gio"  (Barcelona,  1785).— (T.  H.  S.) 

Vienna  method.  See  Enucleation  of  the  eyeball,  p.  4414,  Vol.  VI  of  this 
Encyclopedia. 

Vienna  paste.  A  chemical  eseharotic  made  of  caustic  potash  five  parts, 
slacked  lime  six  parts,  with  sufficient  alcohol.  This  combination  was 
to  be  applied  to  malignant  growths. 

Vierhiigel.     (G).     Corpora  quadrigemina. 

Vierordt,  Karl  von.  A  famous  German  physiologist,  who  devoted  con- 
siderable attention  to  the  eye.  Born  July  1,  1818,  at  Lahr,  in  Baden, 
he  received  the  medical  degree  in  1841  at  Heidelberg,  and  settled  in 
Karlsruhe.  His  only  ophthalmologic  publication  was:  "Beitrage  zur 
Pathol,  und  Therapie  des  Strabismus"  {Hcidel.  Med.  Annal.).  In 
1849  he  was  called  to  the  chair  of  Theoretic  Medicine  at  Tubingen, 
and  there  he  taught,  wrote  and  practised  until  July,  1884,  when  he 
retired  because  of  an  affection  of  the  heart.  November  22,  of  the  same 
year,  he  died.— (T.  H.  S.) 

Vieusse's  test  for  feigned  blindness.  See  p.  1188,  Vol.  II  of  this 
Encyclopedia. 

View.     Examination  by  the  eye ;  power  of  seeing,  or  limit  of  sight. 

View-measurer.  A  device  for  measuring  the  dimensions  of  the  image 
reflected  on  the  sensitive  plate. 

View-telescope.     An  accessory  telescope  attached  to  a  spectroscope. 

Vina.    See  Wines. 

Vincentiis,  Carlo  de.  A  celebrated  Neapolitan  ophthalmologist.  Born 
at  Naples  Aug.  19,  1849,  he  received  his  medical  degree  in  the  Univer- 
sity at  that  place.  In  1877  he  won,  by  competitive  examination,  the  ex- 
traordinary  professorship   of   ophthalmology   at   Palermo,    and,   ten 
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years  later,  was  called  to  the  full  professorship  at  Naples.  In  this  last- 
named  city  he  practised  until  his  death,  which  occurred  May  12,  1904. 
He  wrote  a  large  number  of  ophthalmologic  articles,  of  which  the  most 
important  are:  " Contrihuzione  all  ' Anatomia  Patologica  deW  Occhio 
e  suoi  Annesi'^  and  ''Di  un  Raro  Caso  di  Fibroma  Papillare  del  Sacro 
Lacrymale."—{T.  H.  S.) 

Vincent's  angina.  Plant's  anginxV.  This  is  a  non-febrile  diphtheritic 
throat  affection,  in  which  there  is  acute  ulceration  with  inflammation  of 
one  tonsil.  It  is  caused  by  infection  with  the  Bacillus  fusiformis. 
The  eyes  are  occasionally  hyperemic.  See,  also.  Bacillus  funduliformis. 

Vioform.  Iodochloroxy  quinolin.  This  agent  is  a  coarse,  yellowish, 
granular  powder,  odorless  and  of  neutral  reaction.  It  is  used  as  a 
substitute  for  iodoform.  The  results  of  an  experimental  and  clinical 
comparison  of  vioform  with  iodoform  are  reported  by  Beauvieux  and 
Muratet.  {Archives  d'Ophtedm.,  April,  1912.)  They  find  that  vioform 
is,  at  least,  as  effective  a  bactericide  as  iodoform,  if  not  slightly  supe- 
rior. It  gives  as  good  results  clinically  in  suppuration  of  the  cornea, 
sclera,  or  lachrymal  sac,  and  in  suppurating  wounds,  as  does  iodoform. 
It  has  no  odor,  occasions  no  eruption,  and  is  not  toxic.  The  vioform 
should  be  reduced  to  a  fine  powder  for  use  in  ophthalmology. 

The  writers  employed  the  two  drugs  in  a  series  of  80  cases,  consist- 
ing chiefly  of  infective  lesions  of  the  cornea,  conjunctiva  and  lachrymal 
sac.  Vioform  was  employed  in  fifty  of  these  cases  and  iodoform  in  the 
remaining  thirty.  Seventeen  cases  of  hypopyon  keratitis  were  treated 
by  vioform,  and  of  this  number  the  disease  Avas  arrested  in  fourteen 
instances;  in  three  eases  the  eye  was  lost  bj'  panophthalmitis.  Five 
cases  of  hypopyon  keratitis  were  treated  by  iodoform.  In  all  these  the 
infective  process  was  stopped  and  the  eye  saved. 

Violaceous.    Violet  or  purplish ;  blue,  with  a  tinge  of  red. 

Violet  blindness.    See  Yellovir-blue  blindness. 

Violet,  The.  Viola  odoraki.  In  ancient  Greco-Koman  times,  a  poultice 
of  violets  was  often  employed  for  acute  inflammations  of  the  eye  ac- 
companied by  swelling  and  for  exophthalmus.  Instead  of  the  plants, 
the  roots  were  sometimes  used,  and  these  were  commonly  mixed  Avith 
saffron  and  myrrh  (q.  v.). —  (T.  H.  S.) 

Violet  vision.  This  phenomenon  (see  p.  2198,  Vol.  Ill  of  this  Encyclo- 
pedia) occurs  in  both  the  toxic  and  the  "genuine"  chromatopsias. 
Knies  has  noticed  it  as  a  preliminary  to  the  yellow  vision  of  santonin 
poisoning.  It  has  also  been  recorded  as  a  symptom  of  cannabis  iudica 
intoxication;  and  from  doses  of  carbon  disulphide,  AnJialonium  lewinii 
and  poisonous  mushrooms ;  all  of  which  are  discussed  under  their  own 
proper  headings  and  under  Toxic  amblyopia. 
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Viol,  Wilhelm.  A  Silesian  ophthalmologist.  Born  at  Ernsdorf,  Apr.  7, 
1817,  he  studied  ophthalmology  under  Juengken,  and  in  1821  settled 
in  Reichenbach.  Here  he  founded  the  Silesian  Association  for  the 
Treatment  of  Poor  Eye-Patients.  He  was  also  a  musician  of  some  note. 
In  1847  he  removed  to  Breslau,  where  he  soon  was  known  as  an  ex- 
tremely skillful  operator.    He  died  at  Breslau  May  30,  1874. 

Viol's  more  important  ophthalmologic  writings  are  as  follows:  ]. 
Was  hat  man  zu  Thun,  um  die  Augen  des  Nengehorcnen  Kindes  vor 
Erllindmig  zu  Beivahren,  etc.  (Breslau,  1857.)  2.  TJeler  die  Gegen- 
ivdrtige  Verlreitung  des  Augencatarrhs.  (Breslau,  1861.)  3.  Zui- 
Casuistik  der  Intraocularen  Geschwiilste.  (Ahhandl.  der  Schlcs. 
Gesellsch.  fiir  Vaterldnd.  Cultur,  1861-62.)  4.  Zur  Modificirten  Linear- 
extraction  Kernhaltiger  Staarformen.     {Ihid.)  —  (T.  H.  S.) 

Virchow's  corpuscle.    Corneal  corpuscle. 

Virescence,  Viridescence.    Greenness. 

Virtual  focus.  A  point  behind  a  mirrow  or  in  front  of  a  lens  at  wliich 
rays  made  divergent  by  reflection  or  refraction  would  meet  if  pro- 
longed.   See  Focus,  p.  5236,  Vol.  VII  of  this  Encyclopedia. 

Virtual  image.  An  image  apparent  to  the  eye,  but  not  capable  of  being 
reproduced  on  a  screen,  due  to  the  imaginary  prolongation  of  rays 
through  a  lens  or  a  mirror.  See  p.  6175,  Vol.  VIII  of  this  EncgcJo- 
pedia. 

Viscosity  of  the  lens.  This  is  a  term  applied  by  Lancaster  and  Williams 
{Oplithalmoscope,  p.  112,  March,  1915)  to  that  physical  condition  of 
the  crystalline  lens  that  (among  other  effects)  determines  the  rate  of 
change  in  its  shape  during  the  accommodative  act.  The  observers 
noted  the  fact  that  the  lens  is  a  markedly  viscous  body  discovered  in 
the  course  of  some  experiments  on  fatigue  of  accommodation.  After 
a  description  of  the  experiments  Lancaster  and  Williams  assume,  in  a1- 
tempting  to  interpret  them,  the  substantial  correctness  of  the  Helmholtic 
theory  of  accommodation  and  of  the  observations  of  Hess  and  others 
on  the  relaxation  of  the  zonule  during  strong  accommodation,  some- 
times allowing  the  lens  to  move  under  the  influence  of  gravity  or  of 
movements  of  the  eyeball,  and  suggest  that  the  events  as  they  occurred 
in  the  person  under  observation  be  followed,  viz.,  made  to  fix  ;i  test 
object  at  his  near  point,  the  subject  contracts  his  ciliary  muscle  with 
vigor.  The  suspensory  ligament  is  relaxed;  the  lens  is  no  longer  heUl 
in  a  partly  flattened  shape  by  the  tension  of  these  suspensory  fibres  on 
its  capsule,  it  is  free  to  take  on  its  proper  or  natural  shape  and  it  does 
this.  Whether  it  is  by  virtue  of  the  elasticity  of  its  fibres  or  other 
constituent  parts,  or  whether  the  elastic  impulse  resides  in  the  capsule 
or  some  other  structure,  it  is  not  necossiiry  to  decide.     The  |h.iii1   is 
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that  the  lens  cau  take  up  the  slack  which  would  otherwise  result  from 
relaxing  the  zonule  when  the  contraction  of  the  ciliary  muscle  draws 
forward  the  posterior  ends  of  the  suspensory  ligament.  It  is  not  able 
to  take  up  all  this  slack  under  all  circumstances,  but,  as  is  well  known, 
when  the  lens  becomes  older,  its  capacity  to  change  its  shape,  and  so 
take  up  this  slack,  is  diminished. 

The  fact  that  the  ciliary  muscle  produces  accommodation  indirectly, 
and  not  by  any  direct  action  on  the  lens,  is  important  in  many  ways. 
The  eye  is  saved  from  the  strain  which  would  surely  result  in  far 
greater  degree  with  the  onset  of  presbyopia,  if  by  more  forcibly  con- 
tracting the  ciliary  muscle,  direct  pressure  could  be  brought  to  bear 
on  the  lens,  and  so  a  bit  more  accommodation  could  be  squeezed  out  of 
it,  so  to  speak.  Instead  of  this,  all  we  can  do  is  to  relax  the  zonule,  and 
let  the  lens  do  what  it  will  to  change  its  shape.  More  powerful  con- 
traction of  the  ciliary  muscle  is  fruitless,  since  it  merely  so  slackens  the 
zonule  as  to  allow  the  lens  to  sag  or  sink  under  the  influence  of  gravity. 
But  how  about  the  increase  of  accommodation  and  approach  of  the  p.p. 
so  often  observed  after  eserin  ?  Hess  explains  this  as  only  an  apparent, 
not  a  real  approach  of  the  p.p.  He  says  that  it  seems  to  the  subject 
being  tested  that  his  p.p.  is  nearer;  this  is  only  because  his  pupil  is  so 
much  smaller,  and  therefore  the  circles  of  diffusion  are  so  small  that  he 
thinks  his  p.p.  is  nearer  than  it  really  is. 

This  is  where  Hess  and  his  pupils  left  the  problem.  Proceeding  a 
step  farther — if  after  the  suspensory  ligament  is  fully  relaxed,  any 
increase  of  the  accommodation  takes  place,  so  that  the  p.p.  comes  ap- 
preciably nearer,  it  must  be  because  the  lens  continues  to  grow  more 
strongly  refractive,  doubtless  more  convex.  This  change  in  shape  is 
due  to  elasticity ;  the  slowness  of  its  change  is  due  to  what  may  be 
called  viscosity. 

The  approach  of  the  p.p.  caused  by  eserin  is  of  this  same  nature. 
The  ingenious  explanation  of  Hess  falls  down  when  applied  to  these 
experiments,  where  no  miotic  is  used.  The  change  in  the  size  of  the 
pupils  is  only  the  small  change  which  goes  with  accommodation  and 
convergence,  and  occurs  at  once  on  focussing  for  the  near  iDoint,  not 
gradually  in  the  course  of  several  minutes  as  does  the  approach  of  the 
near  point  in  these  experiments.  The  experiments  shoAv  that  when  the 
zonule  is  relaxed  there  is  an  initial  change  which  occurs  quickly  (less 
than. a  second),  but  that  the.  change,  docs  not  stop  there;  rather. the 
lens  continues  to  become  more  convex,  tho.ugh  at  a  slower  and  slower 
rate.  The  ideaas  tliat  the  force  which  brings  about  the  increased  con- 
vexity of  the  lens  is  opposed  by  another  force  which  it  overcomes  only 
gradually.     There  is  a  time  element.     We  call  the   first  force  the 
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elasticity  of  the  lens,  capsule,  etc. :  for  the  second  the  writers  named 
suggest  the  term  viscosity,  for  the  time  element  is  the  essence  of 
viscosity. 

Vis  de  rappel.     (F.)     Focussing  screw. 

Visibility.  The  state  of  being  visible;  the  quality  of  being  perceivable 
by  the  eye. 

Vision.  Eyesight.  The  act  of  seeing,  that  faculty  of  the  mind  by  means 
of  which,  through  its  appropriate  material  organ,  the  eye,  we  perceive 
the  visible  appearances  of  the  external  world.  Vision  is  mainly  con- 
cerned with  the  color,  form,  distance,  and  tridimensional  extension  of 
objects.  It  is  caused  by  impact  of  ether-Avaves  on  the  retina  of  the 
eye;  but  if  these  waves  be  longer  or  shorter  than  a  certain  limit  there 
is  no  visual  impression  produced  by  them.  The  apparent  color  of  an 
object  depends  partly  on  the  wave-length  or  wave-lengths  of  the  inci- 
dent light-waves,  single  or  mixed,  and  partly  upon  the  state  of  the  eye 
itself,  as  in  color-blindness,  or  after  taking  santonin,  which  makes  ex- 
ternal objects  look  yellow,  or  in  jaundice.  The  apparent  brightness  of 
an  object  depends  upon  the  amplitude  of  the  light- waves  which  pass 
from  it  to  the  eye ;  and  the  smallest  perceptible  difference  of  brightness 
always  bears  a  nearly  constant  ratio  to  the  full  intensity  of  the  bright 
objects  (Fechner's  psychophysical  law,  see  p.  5176,  Vol.  VII).  As 
between  different  colors,  the  eye  perceives  them  with  different  inten- 
sities even  when  the  phj-sieal  intensity  is  the  same  :  thus  yellow  appears 
brighter  in  a  bright  light  than  an  equally  intense  red :  and  as  light 
fades  away  the  different  colors  fade  away  unequally,  so  that  the  ratio 
in  Fechner  's  law  above  referred  to  is  different  for  each  color ;  red  and 
yellow  disappear  first,  blue  last;  and  thus  in  a  dim  light  the  blue  is 
the  brightest.  {Standard  Encyclopedia.)  See,  also,  Acuteness  of 
vision;  as  well  as  Light;  and  under  Physiological  optics. 

M.  Tscherning  {Scientific  American  Supplement,  May  31,  1913)  con- 
structs a  theory  based  on  assuming  an  analogy  between  the  "fixation 
point"  which  he  calls  the  "principal  element"  of  the  retina  from  which 
proceeds  a  luminous  pencil  of  light,  and  a  "photophore,"  a  sort  of  sur- 
geon's probe — ^Y\t\\  which  the  visual  organ  explores  the  world  just  as 
an  operator  does  a  cavity  or  wound.  He  says  that  the  superiority  of 
vision  lies  chiefly  in  the  fact  that  we  possess  an  enormous  number  of 
retinal  elements,  and  therefore  an  enormous  number  of  photophores, 
proceeding  in  all  directions  from  the  pupil.  The  accessory  photopliores 
can  give  us  information  concerning  the  form  of  external  objects;  but 
their  chief  task  consists  in  directing  our  attention  to  one  of  the  lumi- 
nous points,  which  we  then  fix  upon.  We  should  thus  have  to  imagine 
the  eye  provided  with  an  invisible,  cone-shaped  apparatus,  whose  vcr- 
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tex  is  the  pupil,  aud  whose  base  is  a  sensitive  mosaic,  the  outer  image 
(clear  or  diffused)  of  the  retina.  This  mosaic,  which  he  calls  the  "ap- 
parent retina,"  has  the  shape  of  the  totality  of  objects  visible  at  any 
one  time.  It  molds  itself  on  them,  as  it  were.  A  moment  afterward 
the  direction  of  the  eye  changes,  and  the  terminal  surface  changes,  and 
so  on.  As  the  surgeon  constantly  moves  the  probe,  we  move  the  eye 
to  explore  the  external  world. 

Vision,  Achromatic.  Vision  marked  by  complete  loss  of  the  color  sense ; 
total  color-blindness. 

Vision,  Binocular.  See  p.  973,  Vol.  II  of  this  Encyclopedia;  also  imder 
Stereoscope. 

Vision,  Black.  See  p.  1007,  Vol.  II  of  this  Encyclopedia,  as  well  as  under 
Chromatopsias. 

Vision,  Blue.  Cyanopsia.  See  Blue  vision,  p.  123S,  Vol.  II,  and  under 
Chromatopsias,  of  this  Encyclopedia. 

Vision,  Blue-green.  See  Blue-green  vision,  p.  1236,  Vol.  II  of  this 
Encyclopedia. 

Vision,  Center  for.  In  addition  to  the  observations  on  p.  6547,  Vol.  IX, 
and  p.  1953,  Vol.  Ill  of  this  Encyclopedia,  it  may  be  said  that  after  a 
study  of  2000  cases  of  war  injuries  of  the  brain.  Lister  and  Holmes 
{Oph.  Y car-Book,  p.  257,  1916)  never  saw  a  central  scotoma  when  di- 
rect injury  of  the  occipital  lobes  could  be  excluded  and  they  regard  this 
as  sticking  evidence  that  central  vision  is  represented  on  either  or  both 
the  mesial  or  the  lateral  surface  of  the  posterior  borders  of  the  occipital 
lobes.  The  observations  conform  to  the  general  view  that  the  visual 
area  corresponds  with,  or  at  least  includes,  the  area  striata. 

The  authors'  conclusions  (which  they  do  not  regard  as  final  in  view 
of  the  short  lapse  of  time),  are  as  follows :  (1)  The  uj^per  half  of  each 
retina  is  represented  in  the  dorsal  and  the  lower  in  the  ventral  part  of 
each  visual  area.  (2)  The  center  for  macular  vision  lies  in  the  poster- 
ior extremities  of  the  visual  areas,  probably  on  the  margins  and  lateral 
surfaces  of  the  occipital  lobes.  (3)  That  portion  of  each  upper  quad- 
rant of  the  retina  in  the  immediate  neighborhood  of  and  including  the 
adjacent  part  of  the  fovea  centralis  is  represented  in  the  upper  and 
posterior  part  of  the  visual  area  in  the  opposite  hemisphere,  and  vice 
versa;  (4)  The  center  for  vision  from  the  periphery  of  the  retina  is 
probably  situated  in  the  anterior  end  of  the  visual  area,  and  the  serial 
concentric  zones  of  the  retina  from  the  macula  to  the  periphery  are 
probably  represented  in  this  order  from  behind  forwards  in  the  visual 
area. 

Beauvieux,  Archiv.  d'Ophtal.,  1918,  p.  410,  as  a  result  of  his  studies 
of  wounds  of  the  visual  sphere,  is  satisfied  that  tlie  visual  cortical  zone 
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is  localized  iii  the  posterior  part  of  the  braiu,  iu  the  occipital  region ; 
this  zone  being  apparently  limited  to  the  internal  surface  of  the  oc- 
cipital lobe,  the  calcarinc  fissure,  and  the  superior  and  inferior  margins 
of  this  fissure.  The  external  surface  of  the  occipital  lobes  does  not 
form  a  part  of  the  cortical  centers  of  vision.  The  grouping  of  the 
fillers  is  in  quadrants,  the  fibers  being  placed  in  the  same  order  as  in 
the  retina,  ^Yitll  isolated  conduction  for  the  superior  or  inferior  quartei-s 
of  each  retina. 

According  to  this  anatomic  conception,  circular  hemianopic  scoto- 
mata  can  be  explained  only  by  a  symmetric  and  bilateral  disturbance  of 
the  radiations  with  special  grouping  of  the  nerve  bundles  innervating 
a  circular  retinal  zone,  or  by  destruction  of  fibers  of  association  uniting 
by  the  intermediary  of  the  corpus  callosum  two  identical  portions  of 
the  visual  centers,  or  finally  by  a  purely  functional  syndrome  without  a 
true  lesion  of  the  optic  tracts.  The  circular  bundle  does  not  appear 
to  Beauvieux  to  have  a  precise  and  circumscribed  localization  at  tlie 
level  of  the  calcarine  fissure.  The  macular  fibers  seem  rather  to  radiate 
in  a  fan  over  tlie  whole  visual  cortical  surface. 

Vision,  Colored.  See  Chromatopsias ;  as  well  as  Colored  vision;  also, 
colored  vision  after  cataract  extraction,  p.  1745,  Vol.  Ill  of  this  En- 
cyclopedia. 

Vision,  Conscious.  See  Conscious  vision,  p.  3184,  Vol.  V  of  this  En- 
cyclopedia. 

Vision,  Depraved.    See  Dysopia,  p.  4107,  Vol.  VI  of  this  Encyclopedia. 

Vision,  Direct.    Central  vision ;  that  seen  with  the  fovea. 

Vision,  Eccentric.  Peripheral  vision.  Perception  of  objects  by  tlie 
retinal  or  optic  fibres  distributed  outside  the  macular  region. 

Vision,  Facial.  The  power  of  judging  (especially  by  the  blind)  of  the 
distance,  direction,  etc.,  of  objects  by  the  sensation  felt  in  the  skin  of 
the  face.    See  p.  1203,  Vol.  II  of  this  Encyclopedia. 

Vision,  Field  of.    See  Perimetry. 

Vision,  Green.    See  Chloropsia,  p.  2068,  Vol.  Ill  of  this  Encyclopedia. 
also  under  Chromatopsias. 

Vision,  Indirect.     See  Vision  of  eccentric. 

Vision,  Inverted.  See  Upright  vision;  as  well  as  Mirror-writing;  and 
Inversion  of  the  image,  p.  6560,  Vol.  IX  of  this  Ecyclopcdia. 

Vision,  Iridescent.    See  p.  6595,  Vol.  IX  of  this  Encyclopedia. 

Vision,  Learning  of.  See  Learning  of  vision,  p.  7028,  Vol.  IX  of  this 
Encyclopedia. 

Vision  of  motor  drivers.  Visual  requirements  of  auto  drivers.  The 
visual  requirements  of  chauffeurs,  etc.,  vary  greatly  from  town  to  town 
throughout  the  world.     In  an  effort  to  standardize  the  regulation  of 


13584  VISION,  PARAFOVEAL 

motormen  a  committee  (see  Br.  Journ.  of  Ophthalm.,  March,  1919) 
has  been  appointed  by  the  Council  of  British  Ophthalmologists  to  re- 
port on  the  visual  requirements  desirable  for  those  who  are  granted 
licenses  to  drive  various  classes  of  motor  vehicles.  A  questionnaire  on 
the  subject  has  been  submitted  to  ophthalmic  surgeons  in  Great  Britain. 

See,  also.  Chauffeurs,  Vision  of,  p.  2026,  Vol.  Ill,  and  Automobile 
drivers,  Vision  of,  p.  710,  Vol.  I  of  this  Encyclopedia. 
Vision,  Parafoveal.  This,  the  most  distinct  vision  outside  the  fovea, 
forms  the  subject  of  important  studies  made  in  the  Laboratory  of 
Physiology,  Leland  Stanford  University.  A  comparison  of  foveal  and 
parafoveal  vision  by  strong  and  feeble  light,  is  given  by  Daizo  Ogata 
and  Frank  Weymouth  {Atner.  Jour.  Ophthal.,  p.  750,  1918). 

The  suggestion  for  the  present  work  came  from  an  observation  of  one 
of  the  authors  that  glasses  which  satisfactorily  corrected  his  hyperopia 
in  the  daylight  proved  too  strong,  that  is,  "over-corrected,"  in  the 
evening  when  out  of  doors,  often  to  such  an  extent  that  they  were  dis- 
carded.   This  has  since  been  confirmed  in  several  other  hyperopes. 

An  attempt  was  therefore  made  to  determine  the  nature  and  extent 
of  this  difference  under  experimental  conditions  admitting  of  satisfac- 
tory control,  and  should  such  a  difference  be  clearly  proven,  to  explain 
it  on  the  basis  of  the  known  structure  of  the  eye  or  of  changes  hitherto 
assumed  to  take  place  in  it. 

The  first  experiments  were  concerned  with  a  comparison  of  the  re- 
fraction in  foveal  vision  in  the  light  and  in  the  dark-adapted  eye.  Since 
it  was  soon  apparent  that  these  showed  no  striking  differences  the  work 
was  extended  to  a  comparison  of  the  refraction  in  the  regions  near  the 
fovea  (parafoveal  vision)  since  it  was  known  that  these  are  used  in 
twilight  vision.  The  data  thus  obtained  permitted  the  comparison 
between  foveal  and  parafoveal  vision  both  light  and  dark-adapted. 

From  these  experiments  the  writers  draw  the  following  conclu- 
sions : 

Small  differences  of  refraction  between  foveal  vision  in  the  light 
and  in  the  dark,  and  between  parafoveal  vision  in  the  light  and  in 
the  dark,  are  shown  by  from  10  per  cent,  to  20  per  cent,  of  the  reagents 
examined. 

A  definite  refractive  difference  between  foveal  and  parafoveal  vision 
is  shown  by  from  40  per  cent,  to  45  per  cent,  of  the  reagents.  The 
difference  between  the  fovea  and  a  spot  5°  eccentric  (temporally) 
from  it,  amounts  to  from  .33  D  to  .50  D,  the  parafoveal  region  being 
more  myopic  or  less  hyperopic  than  the  fovea. 

The  observation  that  glasses  suitable  in  bright  light  become  less  so 
in  dim  light  accords  with  the  facts  established. 


VISION,  PERSPECTIVE  13585 

These  facts  have  a  practical  application  in  the  correction  of  refrac- 
tive errors.  Care  should  be  taken  in  those  cases  in  which  the  person 
must  distinguish  signals  in  dim  light  (railway  engineers,  firemen, 
signalmen,  ship's  lookouts,  etc.)  to  see  that  the  glasses  given  are 
suitable  for  twilight  vision,  as  in  a  certain  percentage  of  cases  the 
correction  under  ordinary  conditions  is  distinctly  different  from  that 
in  dim  lights. 

A  possible  explanation  is  offered  bj^  the  present  facts  for  the  dif- 
ferences found  between  the  refraction  as  determined  by  the  retino^ 
scope  and  by  subjective  methods  under  otherwise  similar  conditions. 
The  differences  found  between  foveal  vision  in  the  light  and  in  the 
dark  or  parafoveal  vision  in  the  light  and  in  the  dark  seem  to  be  best 
explained  by  Jackson's  theory  of  the  influence  of  the  widened  pupil 
in  the  dark  adapted  eye  in  admitting  the  peripheral,  more  strongly 
refracted  rays. 

The  difference  between  foveal  and  parafoveal  vision  does  not  seem 
to  the  authors  to  be  due  to  optical  factors  affecting  the  incident  light 
in  the  two  cases,  but  is  more  satisfactorily  explained  by  the  assump- 
tion that  the  membrana  limitans  externa  bulges  outward  (away  from 
the  vitreous)  in  one,  two,  three  or  all  directions  from  the  fovea.  In 
the  latter  case  the  conditions  are  those  which  have  been  described  by 
histologists  as  an  external  fovea. 

Vision,  Perspective.    See  Stereoscopic  vision. 

Vision,  Red.  See  Erythropsia,  p.  4519,  Vol.  VI,  as  well  as  under 
Chromatopsias,  in  this  Encyclopedia. 

Vision,  Solid.  Stereoscopic  vision.  Perception  of  the  relief  of  objects 
or  of  their  depth;  that  in  which  objects  seen  appear  as  solid  objects, 
and  not  as  flat  pictures.    See  Stereoscope. 

Vision,  Starlight.    See  Starlight. 

Vision,  Stereoscopic.     See  Vision,  Solid,  and  under  Stereoscope. 

Vision,  Telescopic.    See  Tubular  vision. 

Vision,  Tests  for.    See  Examination  of  the  eye. 

Vision,  Twilight.    See  Twilight. 

Vision,  Upright.  See  Upright  vision;  as  well  as  p.  6560,  Vol.  IX  of 
this  Encyclopedia. 

Vision,  Violet.    See  Violet  vision. 

Vis  micrometrique.     (F.)    Micrometer  screw. 

Vision,  Word.    A  special  function  of  the  general  visual  center. 

Vision,  Yellow.  See  Xanthopsia;  as  well  as  Colored  vision  and 
Chromatopsias. 

Visual.    Of,  or  pertaining  to,  or  resulting  from,  the  sense  of  sight. 
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Visual  acuity.  See  Acuteness  of  vision,  p.  88,  Vol.  I ;  also  Examination 
of  the  eye,  p.  4640,  Vol.  VI,  Chart,  Visual  test;  and  p.  2016,  Vol.  Ill 
of  lliis  Encyclopedia. 

In  addition  to  the  matter  lound  there  it  maj'  be  said  here  that 
David  E.  Rice  {Archives  of  Fsycliology,  Feb.,  1912)  has  investigated 
and  tested  the  visual  acuity  tvith  lights  of  cUfJerent  colors  and  intensi- 
ties. He  believes  (1)  that  as  regards  the  relation  of  acuity  to  intensity, 
it  is  shown  that  with  nncolored  illumination-  approximately  75  per 
cent,  of  daylight  acuity  is  attained  with  an  intensity  of  from  8  to  10 
meter-candles ;  wdth  a  reduction  of  intensity  below  this  point  the  acuity 
decreases  rapidly,  and  with  an  increase  of  intensity  beyond  this  point 
the  acuity  rises  very  slowly,  unit  acuity  being  attained  wdth  an  in- 
tensity of  from  40  to  50  meter-candles.  As  in  daylight  vision,  after 
unit  acuity  is  attained,  further  increase  of  intensity  shows  practically 
no  gain  in  acuity.  It  may  therefore  be  considered  that  intensities  of 
8  and  40  meter-candles  constitute  approximately  the  lower  and  upper 
limits,  respectively,  of  suitable  illumination  for  ordinary  purposes. 
2.  As  to  the  relative  efficiency  of  red  and  green  or  blue  illumination, 
the  advantage  lies  decidedly  with  the  red.  Monochromatic  yellow 
does  not  enter  into  this  comparison.  So-called  white  illumination  gives 
a  slightly  higher  acuity  than  red,  but  inasmuch  as  white  illumination 
is  predominantly  yellow^,  it  is  quite  possible  that  monochromatic 
yellow  would  have  the  same  influence  on  acuity  as  white.  3.  A  prob- 
able explanation  of  the  greater  efficiency  of  red  illumination  is  to  be 
found  in  the  apparently  greater  sensitivity  of  the  form-perceiving 
end-organs,  the  cones,  to  light  of  longer  wave-length,  as  compared  with 
the  brightness-perceiving  elements,  the  rods,  which  have  been  shown 
to  be  more  sensitive  to  the  shorter  wave-lengths.  4.  In  the  study  of 
visual  acuity  many  distinct  factors  are  involved,  failure  to  regard  any 
of  which  will  seriously  affect  the  results  obtained.  Among  these  the 
most  important  are:  (a)  Photometric  determinations.  Accurate  esti- 
mation of  relative  intensities  of  colored  illumination  by  direct  methods 
is  exceedingly  difficult,  if  not  impossible,  and  the  flicker  method  is 
proposed  as  the  only  satisfactory  one  for  making  heteroehromatic 
comparisons;  (b)  Test-characters.  Care  should  be  taken  that  the 
test-character  employed  actually  measures  the  form-sense  rather  than 
the  brightness-sense,  and  that  it  involves  the  use  of  the  eye  under 
conditions  approximately  similar  to  those  under  which  the  latter  is 
commonly  used;  (c)  Individual  differences.  The  demonstrated  ex- 
istence of  great  individual  variations  makes  it  imperative  that  the 
visual  peculiarities  of  any  observer  be  definitely  determined.     Value 
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can  attach  ouly  to  results  Avliicli  represent  the  average  of  a  number 
of  observers. 

E.  Landolt  (Archives  cVOphalm.,  July-Aug.,  1916;  abstract  in  llio 
Br.  Journ.  of  Ophthalm,  p.  108,  Feb.,  1917)  recently  pomts  out  the 
importance  of  more  accurate  methods  of  recording  near  visual  ucuili/. 
He  defines  the  usual  methods  of  measuring  the  visual  acuity  for  dis- 
tance as  the  "practical  distant  visual  acuity."  However,  in  this  the 
possible  effect  of  glasses  in  diminishing  or  increasing  tlie  size  of  the 
retinal  images  is  neglected.  The  determination  of  the  form  perception 
of  a  given  retina,  i.  e,  the  least  separation  that  two  luminous  points 
must  have  to  be  seen  separately,  which  Landolt  defines  as  the  ' '  physio- 
logical visual  acuity,"  can  be  arrived  at  indirectly  only  by  calcula- 
tion of  the  effect  of  correcting  glasses  on  the  size  of  the  images  that 
fall  on  the  retina.  If  we  assume  that  the  error  of  refraction  is  entirely 
due  to  differences  in  length,  axial  ametropia,  the  retinal  images  would 
be  unaffected  in  size  by  correcting  glasses  at  13  mm.  from  the  eye. 
On  the  other  hand,  if  all  the  ej^es  were  of  the  same  length,  the  cor- 
recting glasses  would  have  to  be  in  contact  with  the  cornea  to  leave 
the  size  of  the  retinal  images  the  same.  As  it  is  obviously  impossible 
to  determine  ,for  any  given  eye,  how  much  of  the  ametropia  is  due  to 
length  and  how  much  to  altered  curvature,  refractive  power,  and 
position  of  the  crystalline,  direct  determination  of  the  physiological 
visual  acuity  cannot  be  made.  We  do,  however,  know  that  the  greater 
part  of  any  metropia  is  due,  as  a  rule,  to  axial  change,  and  may  safely 
conclude  that,  with  the  exception  of  aphakic  eyes,  the  influence  of 
correcting  glasses  on  the  size  of  retinal  images  from  distant  sources 
may  be  neglected. 

Landolt  concludes  that  the  usual  way  of  stating  tlie  visual  acuity 
of  those  whose  work  is  distant  is  sufficiently  accurate,  but  to  secure 
accurate  adaptation  for  near  worJi,  one  of  three  things  must  be  done: 
either  the  accommodation  must  be  employed,  or  a  2;/»s  glass  added, 
or  a  nmins  glass  removed.  The  effect  on  the  size  of  the  retinal  images 
differs  with  the  method  of  accommodation  used.  Theoretically,  it  is 
possible  to  calculate  the  near  from  the  distant  visual  acuity,  but  not 
so  practically,  as  we  are  unable  to  measure  the  length  and  refract  no 
power  of  an  individual  eye  under  the  given  conditions. 

In  order  to  test  near  visual  acnity,  Landolt  has  a  series  of  optotyi)es 
calculated  for  the  following  visual  acuities:  VO.l;  0.15;  0.2;  0.3; 
0.4;  0.5;  0.6;  0.7;  0.8;  1;  1.5;  2.  If  they  are  used  at  other  distances 
than  that  for  which  thev  are  marked,  a  calculation  lias  to  be  made. 
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If  V  is  the  visual  acuity  marked  on  the  type  for  distance  D,  then  v  is 
the  visual  acuity  for  another  distance  d  measured  in  metres. 

Vd 

Then  v=l/'S=3  Vd 

Owing  to  the  war,  Landolt  was  not  able  to  have  more  than  a  few 
of  his  types  made,  but  has  found  some  interesting  results  from  his 
experiments  with  them.  Thus,  he  has  found  that  in  high  myopes 
the  visual  acuity  for  near  vision  may  be  double  that  obtainable  for 
distant  vision. 

He  is  also  of  the  opinion  that  some  practical  value  attaches  to  the 
results  obtained  in  the  calculation  of  compensation  for  injuries. 

The  makers  of  the  Ives  visual  test  object  (see  cuts)  claim  that  the 
instrument  overcomes  some  of  the  defects  of  the  common  alphabetic 
test  charts  in  the  scientific  measurement  of  visual  acuity.  Those  charts 
are  faulty  in  that  the  transition  from  one  size  of  detail  to  another  is 
abrupt  instead  of  continuous;  that  all  the  letters  of  one  size  are  not 
equall}^  difficult  of  recognition ;  that  children  and  illiterates  cannot  be 
tested.  Furthermore,  the  judgment  of  the  patient  may  be  influenced 
by  the  knowledge  of  the  change  of  distance  or  power  of  light.  Letters 
and  figures  of  the  same  size  but  different  shapes,  as  for  instance  the 
letters  R,  B  and  I,  or  figures  0,  3,  8,  etc.,  furnish  different  results  at 
a  given  distance  and  variable  illumination. 

As  a  consequence  of  the  capacity  for  continuous,  instead  of  abrupt, 
change  of  the  size  of  detail,  the  instrument  can  be  callibrated  to  read 
acuity  directly  in  decimal  fractions  of  the  unity  of  any  required  degree 
of  delicacy.  The  instrument  lends  itself  admirably  to  the  determina- 
tion of  the  axis  of  astigmatism,  as  well  as  to  acuity  determinations. 

The  essential  part  of  the  apparatus  consists  of  two  opaque  line  grat- 
ings, whose  lines  are  too  closely  ruled  to  be  separable  by  the  eye  at 
ordinary  working  distances.  These  gratings  are  laid  one  over  the  other 
and  are  arranged  to  turn  with  respect  to  each  other  on  an  axis  per- 
pendicular to  their  faces.  When  two  such  gratings  ruled  with  parallel 
straight  lines  in  one  direction  only  are  so  turned,  there  result  parallel 
bands  of  opacity  and  transparency,  many  times  as  wide  apart  as  the 
original  ruling  whose  actual  separation  varies  inversely  with  the  angle 
of  rotation  of  the  gratings.  If  the  gratings  are  ruled  with  two  sets  of 
lines  at  right  angles,  the  effect,  when  they  are  turned  with  respect 
to  each  other,  is  the  production  of  a  pattern  of  squares,  whose  size 
also  varies  continuously  and  inversely  with  the  angle  through  which 
the  gratings  are  turned. 
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The  visual  acuity  is  measured  by  the  smallest  separation  of  the 
bands  or  the  smallest  size  of  the  squares,  as  the  case  may  be,  which 
is  just  perceptible  to  the  eye.  When  that  point  is  reached,  any  further 
increase  in  the  angle  between  the  two  sets  of  rulings  will  cause  the 
whole  surface  to  appear  uniformly  gray  to  the  patient.  Since  the  size 
of  detail  of  the  pattern  depends  on  the  angle  betw^een  the  two  sets 
of  rulings,  whose  separation  is  knoAvn,  viz.  60  to  the  inch,  the  angle  may 
be  made  the  measure  of  the  acuity  and  a  scale  may  be  provided,  from 
which  visual  acuities  are  read  directly. 

The  apparatus  as  constructed  and  shown  in  the  illustrations  (front 
and  back  views)  consist  of  a  grating  holder,  a  housing  for  the  electric 
lamp,  which  provides  the  illumination  for  the  gratings,  and  a  front 
plate,  which  provides  the  surrounding  field  and  is  utilized  as  well  to 
carry  various  other  objects  for  visual  testing,  as,  for  instance,  a  lamp 
with  iris  diaphragm  for  muscle  testing,  special  colored  screen  for 
chromatic  test,  lamp  fitted  with  iris  diaphragm  and  color  screens  for 
railway  signal  tests,  and  smoked  glass  wedge  by  means  of  which  the 
effect  of  the  colors  may  be  dimmed  or  brightened  as  the  case  may  be. 
The  upper  half  of  this  front  plate  is  provided  with  an  astigmatic 
chart  consisting  of  a  series  of  single  lines  wdth  a  space  of  10°  between 
each  two  lines.  This  astigmatic  chart  is  numbered  in  the  clock-dial 
fashion  to  facilitate  the  reading. 

Just  below  this  astigmatic  chart  in  the  center  of  the  front  plate,  a 
circular  aperture  of  3-inch  diameter  is  provided,  through  which  the 
Ives  test  object  is  to  be  seen.  Just  below  this  central  aperture  the 
front  plate  is  provided  wdth  an  oblong  aperture  behind  w^hich  two 
rollers  are  mounted,  carrying  a  set  of  Snellen  test  types  so  arranged 
that  only  one  row  of  the  test  type  is  visible  through  the  oblong  aper- 
ture at  one  time.  The  test  type  is  white  on  black  background,  and 
three  rows  of  each  size  of  letters  are  provided,  the  letters  being  dif- 
ferent in  each  row  in  order  to  prevent  memorizing.  The  Snellen  test 
type  serves  the  purpose  of  checking  up  the  result  obtained  with  the 
Ives  test  object.  Additional  lamps  are  provided  for  the  illumination 
of  the  entire  front  plate  and  its  auxiliaries. 

The  grating  holder  of  the  Ives  acuity  test  object  proper  is  mounted 
behind  the  front  plate  and  carries  two  gratings,  so  arranged  that  they 
may  be  rotated  in  opposite  directions  to  each  other  by  means  of  a 
rack  and  pinion  movement,  manipulated  by  turning  tlie  milled  head 
on  the  pinion.  One  of  the  gratings  is  made  removable  so  that  either 
the  single  line  or  the  cross  line  grating,  both  of  which  are  supplied 
with  the  instrument,  may  be  inserted  with  their  consequent  line  or 
square  pattern.     The  acuit}'-  scale  is  mounted  just  below  the  milled 
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head  of  the  rack  and  pinion  movement  and  reads  directly  in  Snellen 
acuity  units;  that  is,  unit  acuity  corresponds  to  the  detection  of  the 
separation  of  lines  or  bands  whose  centers  are  two  minutes  of  arc 
apart.  This  is  the  5/5  or  6/6  of  ordinary  terminology.  The  ordinary 
6/12  or  5/10  read  as  .5,  etc. 

The  scale  is  marked  at  tlie  side  meters  of  readinG;  distance,  indi- 


Ives  Visual  Acuity  Test  Object.      (Front  view.) 


eating  which  line  of  the  scale  is  to  be  used  for  any  chosen  distance 
between  observer  and  test  object.  The  zero  of  the  acuity  scale  is  the 
point  where  the  lines  become  of  infinite  width  as  viewed  from  a  con- 
siderable distance,  or  where  they  turn  over  as  viewed  from  nearby. 
The  pointer  is  provided  with  an  adjustment  to  r-orr^'ct  the  zero  in 
case  of  shift. 

The  grating  holders,  together  with  rack  and  pmion  arrangement, 
may  be  rotated  about  its  axis  so  that  the  lines  or  squares  stand  at 
various  angles  with  the  horizontal.     The  angle,  at  avIucIi  the  bands 
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produced  by  the  single  line  grating  stand,  is  indicated  by  the  pointer 
on  the  scale  of  degrees  on  the  back  of  the  front  plate.  The  operation 
of  measuring  visual  acuity  is  very  simple.  The  gratings  are  turned 
so  that  the  bands  or  squares  are  too  small  to  be  visible  to  the  observer. 
They  are  then  rotated  sloAvly  by  means  of  tlie  rack  and  pinion  move- 


Ives  Visual  Acuity  Tost  Object.      (Rear  view.) 

ment  until  the  observer  just  sees  the  patterji,  whereupon  the  acuity  is 
read  from  the  scale.  As  a  check  on  the  correctness  of  his  obsen-ation, 
the  patient  may  be  asked  in  which  direction  the  lines  lie,  and  this 
direction  may  be  changed  betAveen  observations  so  that  he  is  in  ignor- 
ance which  way  to  expect  them. 

Either  the  lines  or  the  squares  may  be  used  for  acuity  testing  as 
preferred.    For  finding  the  axis  of  a.stigmatism  tlie  lines  are  preforjiMc 
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The  gratings  are  to  be  set  so  that  the  bands  are  just  visible  and  then 
rotated  together  in  their  holder  until  the  bands  appear  clearest,  when 
the  corresponding  angle  is  read  from  the  scale  marked  on  the  back 
of  the  front  plate. 

The  apparatus  is  furnished  with  tungsten  electric  lino  lamps  fitted 
with  special  blue  glass  filters  to  transform  the  light  into  average 
daylight  color.  As  it  is  desirable  to  operate  the  apparatus  from  the 
position  of  the  patient,  and  to  shorten  the  distance  between  test  object 
and  patient  by  using  a  mirror,  the  clock-dial  figures  for  astigmatic 
chart,  Snellen  test  type,  and  other  features  on  the  front  plate  are  re- 
versed so  as  to  appear  correct  when  seen  in  the  mirror.  A  first  surface 
mirror  of  suitable  size,  mounted  in  metal  frame  with  metal  cover  for 
protection,  is  furnished  to  order. 

For  testing  malingerers  a  set  of  colored  disks  may  be  supplied  and 
used  in  front  of  the  lamp  for  the  muscle  test.  The  colors,  red,  green 
and  blue  are  then  readily  available  and  any  other  may  be  substituted. 
The  apparatus  is  made  entirely  of  metal,  with  the  front  plate  enamelled 
so  that  it  can  readily  be  cleaned  with  a  moist  sponge. 

Visual  agnosia.  Disturbances  or  loss  of  the  power  to  identify  objects 
by  means  of  the  eyesight. 

Visual  agraphia.  Optic  agraphia.  A  form  of  the  disease  in  which 
the  patient  cannot  copy  writing  but  can  write  from  dictation.  See, 
also,  p.  9057,  Vol.  XII  of  this  Encyclopedia. 

Visual  amnesia.  Mind  blindness.  Visual  aphasia.  Object  blindness. 
See  p.  1131,  Vol.  II  of  this  Encyclopedia. 

Visual  angle.  The  angle  which  is  included  between  lines  drawn  from 
the  extremities  of  any  object  to  the  first  nodal  point  of  the  eye. 

Visual  anomia.  Word  dumbness.  Memory-loss.  See  Memory,  Visual, 
p.  7639,  Vol.  X  of  this  Encyclopedia.  Anomia  is  the  loss  of  the  power 
to  name  objects  or  to  recognize  names,  and  is  a  form  of  visual  aphasia 
(q.  V.)  often  included  under  mind-Mindness.  It  is  caused  by  lesions 
of  the  speech-center.     See  p.  1131,  Vol.  II  of  this  Encyclopedia. 

Visual  aphasia  includes  all  those  abnormalities  of  speech  and  writing 
that  result  from  alterations  in  the  visual  centres  concerned  with  lan- 
guage, as  well  as  with  the  tract  associating  these  centres  with  other 
higher  and  lower  brain  areas  and  centres.  Mills  {The  Eye  and  Nerv- 
ous System,  p.  114)  says  that  the  "most  important  varieties  of  visual 
aphasia  and  allied  disorders  are:  (1)  mind-  or  object-blindness;  (2) 
word-blindness;  (3)  letter-blindness;  (4)  visual  agraphia;  para- 
graphia and  dysgraphia;  (5)  optic  aphasia  or  word-dumbness. 

"Some  objection  might  be  made  to  including  mind-blindness  in  the 
category  of  visual  apliasias,  and  such  objection  is  doubtless  valid,  but 
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as  a  matter  of  convenience  and  with  some  scientific  basis,  I  have 
thought  it  well  to  include  mind-blindness  under  the  general  head  of 
visual  aphasias.  The  patient  who  is  unable  through  sight  to  recog- 
nize a  familiar  person  or  object,  or  to  recall  the  visual  memories  of 
such  person  or  object,  cannot  of  course  name  that  of  which  he  is  not 
cognizant,  and  hence  is  aphasic  in  this  indirect  sense.  Psychic  blind- 
ness is,  however,  a  disorder  distinct  in  most  persons  from  visual 
aphasia,  and  it  will  be  therefore  understood  that  it  is  only  included 
here  because  of  convenience,  and  because  it  is  so  frequently  associated 
with  the  true  cerebral  sensory  disorders  of  speech." 

See  Visual  anomia,  as  Avell  as  Optical  aphasia,  p.  9057,  Vol.  XII 
of  this  Encyclopedia. 

Visual  apparatus.    The  eye  and  its  appendages. 

Visual  area.    See  Centers,  Visual,  p.  1953,  Vol.  Ill  of  this  Encyclopedia. 

Visual  attention.    See  under  Visual  space  perception. 

Visual  aura.  An  aura  (or  premonitory  sign)  consisting  of  some  visual 
hallucination,  as  in  migraine. 

Visual  axis.  Visual  line.  The  straight  line  passing  through  the  cen- 
tre of  the  pupil  to  the  macula  lutea.  It  makes  an  angle  of  5°  with 
the  optical  axis. 

Visual  centers.    See  Vision,  Center  for. 

Visual  centers.  Injuries  of  the.  The  optic  radiations,  in  their  journey 
from  the  basal  ganglia  to  the  occipital  lobe,  pass  slightly  below  the 
cortex  of  the  angle  gyrus,  and  are  easily  cut  or  compressed  by  changes 
affecting  the  latter.  The  cortical  sphere  has  to  do  with  both  luminous 
sensation  and  natural  vision.  Conceptions  of  form,  space,  locality, 
and  of  orientation  are  herewith  determined,  perhaps  with  the  aid  of 
other  centers  which  are  not  yet  estimated. 

Blindness  may  be  limited  to  colors,  or  to  both  white  light  and  colors 
and  may  be  partial  or  complete  for  either. 

There  is  a  difference  between  the  physical  and  psychical  image. 
The  image  may  be  properly  formed  on  the  retina  and  carried  to  the 
visual  sphere  without  the  latter  perceiving  it  through  suppression  of 
the  receptive  apparatus.  There  may  also  be  loss  of  correlation  of  the 
several  centers  connecting  with  the  visual  sphere,  especially  that  of 
language,  causing  verbal  blindness. 

Therefore,  in  discussing  the  pathologic  anatomy  and  physiology  of 
vision,  we  should  distinguish  (1)  physical  blindness,  the  physical  inter- 
ruption of  the  recipient  and  carrying  portions  of  the  ocular  apparatus ; 
i.  e.,  the  eyeball  and  nerve  tracts.  (2)  Cortical  blindness,  equivalent  to 
the  loss  of  luminous  sensation.  (3)  Psychical,  equivalent  to  the  loss  of 
commemorative  images  of  objects.     (4)  Verbal  blindness,  implying  the 
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loss  of  power  of  reading  words  or  signs.  This  last  variety  is  a  form 
of  aphasia. 

Injuries  to  the  brain  may  cause  various  kinds  of  aphasia,  of  which 
a  unique  form  is  that  of  ideographic  hlindness. 

The  area  of  language  is  located  in  the  lateral  cortex,  reaching  from 
the  first  and  second  frontal  convolutions,  where  the  center  of  the 
motor  images  or  the  articulation  or  center  of  Broca  exists,  backwards 
along  the  upper  part  of  the  temporal  lobe  where,  immediately  below 
the  Sylvian  fissure  in  the  ascending  parietal  convolutions  is  located 
the  center  of  the  auditory  images  of  words,  or  center  of  Wernicke. 
Farther  back,  at  the  end  of  the  parieto-occipital  fissure  is  located  the 
center  of  the  visual  images  of  words. 

Broca 's  center  is  in  contact  with  the  general  motor  area,  the  center 
for  auditory  images  is  almost  identical  with  that  of  general  audition. 
The  center  for  visual  images  is  connected  with  the  center  of  general 
vision  by  its  deep  surface,  and  comes  in  contact  with  the  optic  radia- 
tions, which  proceed  from  the  internal  surface  of  the  posterior  portion 
of  the  occipital  lobe,  especially  including  the  cuneus  and  a  portion  of 
the  lingual  lobe,  the  two  convolutions  forming  the  boundary  of  the 
calcarine  fissure.  The  ideographic  or  writing  center  is  now  located  by 
example  and  by  deductions  from  the  observations  of  other  authors,  in 
the  upper  part  of  the  third  frontal  convolution.  Disturbances  of  any 
of  the  so-called  centers  of  the  visual  sphere,  or  the  radiations  proceed- 
ing between  them,  cause  distinct  clinical  manifestations  which  cannot 
be  entered  into  here. 

Blindness  and  ocidar  palsies  following  violent  injuries  of  the  face 
and  head,  not  only  are  due  to  both  direct  and  indirect  injuries  to  the 
optic  and  oculomotor  nerves,  but  also  the  cerebral  centers.  A  number 
of  cases  are  on  record  of  immediate  and  permanent  blindness  after  the 
injury,  followed  in  some  weeks  by  signs  of  atrophy,  due  to  central 
injury.  Rarely  there  may  be  a  recovery  of  some  vision,  even  with  a 
white  disc  and  contracted  fields. 

Medico-legal  reports  of  accidents  occurring  to  persons  w^orking  in 
various  industries  should  of  necessity  be  exact  as  to  the  determination 
of  the  etiology  and  prognosis  of  certain  visual  troubles,  such  as  ambly- 
opia and  amaurosis  following  traumatism  of  the  head. 

Many  cases  of  amaurosis  follow,  as  is  well  knoAvn,  a  blow  on  the  head, 
of  which  the  pathogeny  is  indirect  fracture  through  the  optic  canal, 
or  an  effusion  of  blood  in  the  nerve  sheath.  But  more  frequently  is  it 
the  case  where,  following  a  trauma  of  the  cranium,  the  injured  person, 
in  good  faith  or  not,  claims  the  visual  loss  to  be  due  to  the  injury,  w'hile 
the  lessened  vision  may  have  existed  prior  to  the  accident. 
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There  is  differentiation  to  be  made  between  central  injuries,  those 
due  to  damage  to  the  visual  sphere,  those  to  the  conducting  apparatus, 
the  optic  nerve  and  to  the  peripheral  end  of  the  optic  apparatus,  the 
retina  and  other  parts  of  the  eyeball. —  (H.  V.  AV.) 

See,  in  this  connection.  Vision,  Center  of;  Gunshot  injuries;  Mili- 
tary surgery  of  the  eye,  the  various  War  captions,  also  Visual  eco- 
nomics. 

Visual  cone.  A  cone,  the  vertex  of  which  is  at  the  eye,  the  marginal 
lines  touching  the  boundaries  of  a  visible  object. 

Visual  cortical  center.    Sec  Vision,  Center  of. 

Visual  economics.  The  commercial  nalue  of  industrial  vision. 
Money  compensation  for  loss  of  sight  in  industry  and  the  trades. 
Workmen's  compensation  for  damaged  or  lost  vision.  [Authorities 
by  no  means  agree  as  to  the  feasibility  or  possibility  of  estimating  !)>• 
means  of  mathematical  formula?  the  money  compensation  to  be  paid 
a  wage-earner  who,  while  in  pursuit  of  his  occupation,  sustains  ma- 
terial damage  to  one  or  both  eyes.  The  writer  of  the  main  body  of 
this  section  believes  with  Magnus,  Wiirdemann  and  others  that  it  can 
be  done ;  other  observers  of  equal  experience  and  authority  are  of  the 
opinion  that  definite,  mathematical  conclusions  are  not  always  fortli- 
coming,  and  that  equitable  judgments  must  nece.ssarily  consider  fac- 
tors that  are  in  their  very  nature  variable. — Editor.] 

INTRODUCTION 

[1]  Visual  economics  is  an  important  part  of  physical  economies 
which  treats  of  the  functions  of  the  body  solely  for  the  purpose  of 
determining  the  true  state  of  the  earning  ability  of  a  person  and  its 
percentage  of  loss,  upon  which  compensation  must  always  be  based. 

[2]  The  functions  of  the  eyes  are  in  .such  intimate  relationsliip, 
physiologically,  with  the  functions  of  the  different  systems  and  organs 
of  the  body  that  they  cannot  be  considered  independently,  either  as 
to  their  inherent  functions,  or  as  to  their  earning  ability;  and  any 
method  which  would  undertake  to  determine  the  loss  to  the  earnnig 
ability  of  a  person  from  loss  to  the  functions  of  the  eyes,  whicli  eould 
not  be  used  at  the  same  time  and  in  a  similar  manner  to  detenu  in.- 
conjointly  the  loss  to  tlie  earning  ability  of  a  person  from  loss  to  tli.- 
functions  of  any  other  organ  of  tiio  bod\',  which  might  have  been 
caused  by  the  same  injury  or  disease,  would  be,  from  the  very  nature 
of  the  case,  an  empirical  method. 

[3]  In  order  to  determine  the  loss  to  the  earning  ability  of  the 
bodv  from  the  loss  to  the  functions  of  the  eyes  from  injury  or  disease, 
we  must  adoj.l  tlic  only  method  by  wliir-li  these  physiologic;, 1  ivlntion- 
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ships  can  be  maintained,  just  as  really  they  are  in  nature.  "We  must, 
therefore,  adopt  the  natural  science  method,  by  which  the  functions 
of  the  eyes  can  be  considered  just  as  really  they  are,  namely,  an  im- 
portant part  of  the  whole  functional  ability  of  the  body,  and  there- 
fore an  important  part  of  the  earning  ability  of  the  whole  body. 

[4]  The  determination  of  the  loss  to  the  earning  ability  by  the 
natural  science  method  as  employed  in  physical  economies  is  as  fol- 
lows :  The  standard  of  measurement  for  the  loss  of  the  function  of 
vision  of  one  eye  is  .18  *  of  F,  the  functional  ability  of  the  whole 
body.  This  is  subtracted  from  1.  and  .82  is  obtained  for  the  coefficient 
of  F  (.82F)  (for  the  multiplicand).  As  C,  the  competing  ability  of 
a  person  (the  multiplier  in  this  case)  depends  upon  the  same  identical 
functions  of  the  structures  of  the  body,  its  primary  coefficient  must 
be  the  same  as  that  of  F,  the  functional  ability  of  the  body.  Hence 
this  statement  in  the  natural  science  formula  is  as  follows:  .82F 
.82C  =  E.  The  next  step  in  the  solution  of  this  problem  is  the  de- 
termination of  the  damage  to  C,  the  competing  ability,  whether  this 
factor  (the  multiplier)  shall  remain  as  in  the  statement  of  the  earning 
ability  in  the  formula,  or  whether  it  shall  be  decreased  in  order  to 
give  a  greater  loss  to  the  earning  ability,  as  follows: 
.82F  .820  =  E.  Hence  E  =  .6724,  and  the  loss  is  .3276 
.82F  .8202=  E.  Hence  E  =  .5513,  and  the  loss  is  .4487 
or  whether  it  shall  be  increased  to  give  a  lesser  loss  to  the  earning 
ability,  as  follows : 

.82F  .820  =  E.    Hence  E  =  .6724,  and  the  loss  is  .3276 
.82F  .820"^=  E.    Hence  E  =  .7429,  and  the  loss  is  .2571 
[5]     The   natural   science  method  is  the  only  method  known  to 
physicists  by  which  the  value  of  any  physical  force  can  be  determined, 
or  to  economists,  by  which  the  value  of  any  commodity  can  be  ob- 


*  The  standard  of  measurement  for  the  economic  loss  to  the  whole  functional 
ability  of  the  body  for  the  loss  of  the  functions  of  one  eye  to  20/200  (0.1)  or 
less,  aecordin<T  to  the  scientific  standard  of  measurement,  ■which  by  common  con- 
sent has  been  accepted  for  the  economic  standard  of  measiirement,  may  be 
obtained:  First;  from  a  compilation  of  all  the  accessible  values  given  for  this 
loss  and  then  dividing  the  sum  total  by  the  number  tluis  compiled.  By  this 
means  we  obtain  a  quotient  that  is  nearer  to  .18  than  that  of  any  other  number. 
(The  value  olitained  from  the  solution  of  the  formula  of  Magnus  is  .175.  Vide 
1147  and  1148  in  the  review  of  this  method).  Second;  from  the  loss  to  the 
functional  ability  of  the  two  eyes,  for  with  the  loss  of  the  functional 
ability  of  one  eye.  there  is  a  loss  of  binocular  vision  and  1/6  of  the 
binocular  field  of  vision,  which  is  indispensable  for  the  functional  ability  of  the 
two  eyes.  Muscular  imbalance  of  tlie  eye  is  a  cqiiimon  concomitant  of.  these 
losses  so  that  the  loss  of  the  functions  of  one  eye  for  economic  purposes  must 
inevitably  be  determined  to  be  a  loss  of  1/6  to  1/5  of  the  functional  ability  of 
the  whole  body.  By  reducing  these  fractional  losses  to  decimals,  adding  -them 
together  and  dividing  by  2,  we  obtain  .18  as  tlie  standard  of  measurement  which 
we  have  determined  upon  after  considering  this  subject  for  many  years. 
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tained,  in.  the  whole  range  of  the: science  .of  .numbers,  and  the  art  of 
cpinputation..  It.  is.  a  collateral  branch  of  science  which  may  be  de- 
_^ned.in  terms,  of  accumulated  and  verified  knowledge  formulated  for 
"the  purpose  of  discovering  and  establishing  the  truth. 

[6]  In  seeking  the  true  value  of  anything,  for  instance  like  that 
of  the  earning  ability  of  the  body,  it  must  be  analyzed  by  the  natural 
science  method,  by  resolving  it  into  its  component  parts,  which  are 
so  interdependent  that  each  is  needed  to  ensure  the  status  of  the  other, 
and  then  use  these  parts  as  factors  in  an  equation,  which  is  a  state- 
ment in  the  forinula  of  the  thing  that  has  been  analyzed  for  the  pur- 
pose of  determining  its  true  value  according  to  the  actual  existing 
condition  of  these  factors,  on  a  basis  of  1;  that  is  to  say,  if  each  of 
the  factors  of  the  earning  ability  is  found  upon  examination  with 
instruments  of  precision,  scientific  standards  of  measurement  and 
other  data,  to  be  normal  and  equal  to  1.,  then  the  earning  ability  for 
the  particular  person  who  has  been  examined  is  normal  and  equal 
to  1.  On  the  other  hand,  if  one  or  more  of  the  factors  of  the  earning 
ability  is  found  to  be  less  than  normal,  or  less  than  1.,  by  the  same 
scientific  procedure  the  earning  ability  will  be  less  than  normal,  or 
less  than  1.,  and  the  difference  between  what  it  is  found  to  be  and  1. 
represents  the  loss  to  the  earning  ability  of  the  person  upon  which 
loss  compensation  must  always  be  based.  Bj^  virtue  of  the  establish- 
ment of  this  principle  it  is  self-evident  that  if  after  an  injury  or 
disease  it  is  mathematically  determined  that  a  person  has  not  sustained 
any  economic  loss  to  the  earning  ability  in  the  vocation  followed,  then 
that  person  cannot  be  given  a  compensation  upon  economic  grounds. 
Therefore,  mathematics  must  be  employed  to  determine  the  status  of 
the  earning  ability  of  a  person  the  same  as  mathematics  must  be 
employed  to  determine  the  actual  value  of  anything  else  in  the  world 
on  an  economic  basis. 

[7]  In  concluding  this  introduction  it  is  plainly  evident  that  the 
status  of  the  earning  ability  of  a  person,  as  obtained  by  the  natural 
science  method,  is  the  key  to  the  solution  of  every  problem  in  which 
that  person's  economic  value  is  concerned. 

THE  EARNING  ABILITY  OF  THE  BODY,  ITS  STATUS  AND  ITS  LOSS 

[8]  As  the  true  state  of  the  earning  ability  of  a  person  is  the  key 
to  the  solution  of  every  problem  in  which  that  person's  economic  value 
is  concerned,  and  as  visual  economics  is  a  very  important  part  of  it, 
it  is  absolutely  indispensable  to  determine  this  true  state  of  the  eani- 
ing  ability  of  a  person  by  the  only  method  known  to  physicists  to 
determine  the  status  of  any  physical  force,  or  to  economists  to  deter- 
mine the  value  of  any  commodity  in  the  whole  range  of  the  science  of 
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numbers  and  the  art  of  computation.  The  earning  ability  of  the  body 
must  therefore  be  analyzed  by  the  natural  science  method  that  its 
indispensable  parts  may  be  used  as  factors  in  its  formula  of  multipli- 
cand multiplied  hy  a  multiplier  to  obtain  a  product  on  the  basis  of  1. 
(5f  6),  which  gives  the  status  of  the  earning  ability  of  the  body  from 
which  its  loss  can  be  ol)tained  in  percentage  upon  which  a  compensa- 
tion must  always  be  based. 

[9]  By  this  analysis  of  E,  the  earning  ability  of  the  body,  it  is  de- 
termined that  the  earning  ability,  is  composed  of  three  indispensable 
parts  as  follows : 

First,  F,  the  functional  ability  of  the  body.  It  is  self-evident  that 
the  functions  of  the  systems  and  organs  of  the  body  are  absolutely 
indispensable  to  the  earning  ability  of  a  person,  for  without  them 
there  would  be  no  earning  ability. 

Second,  T,  the  technical  ability  of  a  person.  It  is  self-evident  that  a 
person  must  have  training  of  the  mind  and  body  in  order  to  be  able 
to  perform  the  duties  of  an  occupation  successfully,  for  without  it 
that  person  would  have  no  ability  to  earn  anything  and  therefore 
would  have  no  economic  value. 

Third,  C,  the  competing  ability  of  a  person.  It  is  also  self-evident 
that  a  person  must  have  the  ability  to  secure  work,  or  establish  an 
occupation  for  himself  and  then  perform  the  duties  connected  there- 
with successfully  in  order  to  have  an  earning  ability,  for  without  that 
ability  that  person  would  have  no  earning  ability  and  hence  no 
economic  value. 

[10]  The  three  indispensable  parts  of  the  earning  ability  of  the 
body  may  be  used  as  factors  in  an  equation  as  follows:  (1)  F  T  C  =  E, 
the  statement  of  the  earning  ability  of  the  body  in  the  natural  science 
formula  for  the  purpose  of  determining  its  status  according  to  the 
actual  existing  condition  of  its  three  indispensable  factors. 

[11]  In  order  to  discover  and  establish  the  true  status  of  the  first 
indispensable  factor  of  E,  the  earning  ability  of  the  body,  namely,  F, 
the  functional  ability  of  the  body,  it  must  be  analyzed  according  to 
the  natural  science  method  in  the  same  manner  as  E,  the  earning 
ability,  was  analyzed.  By  this  analysis,  F,  the  functional  ability  of 
the  body,  is  resolved 

First,  into  its  four  imits,  in  accordance  with  their  development  and 
associated  functions,  and 

Second,  each  unit  is  resolved  into  its  three  indispensable  parts, 
making  twelve  parts,  or  divisions  of  the  body,  within  which  the  func- 
tions of  every  structure  of  a  person  may  be  included. 

[12]     The  following  is  a  chart  showing  the  factors  of  F,  the  func- 
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F  =  { 


tional  ability  of  the  body,  obtained  by  an  analysis  according  to  the 
natural  science  method: 

f       f Osseous,    articular   and  f h,  the  bones. 
|a  =  '^    muscular  systems,con-(i,    the  ligaments. 
I        i    sisting  of [k,   the  muscle.s. 

[Circulatory  and  respir-fm,  the  vascular  system. 
I  b  =  j     atory    systems,    con-j  n,  the  blood. 

[    sisting  of ip,  the  lungs  and  their  accessory  organs. 

[Digestive    and    genito-fq,  the  alimentary  canal  and  its  acces.sory  organs 
d=:      urinary  systems,  con-|r,    the  kidneys  with  the  genital  organs 
[    sistmgof [s,    the  skin. 

fCerebrospinal  system,  fu,  the  brain,  its  membranes  and  its  nerves 
g  =  J     nerves  and  organs  ofjv,  the  spmal  cord,  its  membranes  ahd  its  nerves 
I     special  sense,  consist- [w,  nerves  and  organs  of  special  .sense 

I    mgof 

•  / 

[13]  Arranging  the  four  units  as  factors  of  F,  the  functional 
ability  of  the  body,  we  have  the  equation  as  follows:  (2)  a  b  d  g  =  F, 
the  statement  of  the  functional  ability  of  the  body  in  its  formula  for 
the  purpose  of  determining  its  true  status  from  the  status  of  its  four 
units  used  as  factors. 

[14]  Arranging  the  parts  of  each  unit  as  factors  of  that  unit 
in  a  similar  manner  we  have  the  four  equations  as  follows: 

(3)  h     i     k   =  a,    The  statement  of  each  unit  of  the  body  in  its  formula  for  the 

purpose  of  determining  by  examination  with  methods  and 

(4)  m    n    p  =  b,        instruments  of  precision,  scientific  standards  of  measurement 

and  other  data  the  true  status  of  each  of  the  four  units  of 

(5)  q     r     s    =  d,        the  body  for  the  statement  of  F,  the  functional  ability  of  the 

body,  as  per  statement  in  formula  (2),  by  which  we  obtain 

(6)  u    V    w  =  g,        the  complete  amplified  formula  (7)  (h  i  k)  a  (m  n  p)  b  (q  r  s) 

d  (u  V  w)  ^=  F. 

[15]  With  the  right  conception  of  the  solution  of  this  problem 
everything  proceeds  in  a  logical  manner  when  the  natural  science 
method  is  employed  and  every  step  can  be  checked  up  witli  actual 
existing  conditions  of  the  two  indispensable  factors  of  the  earning 
ability  of  the  person,  so  that  there  are  no  mysteries  and  it  is  as  free 
from  empirical  methods  as  the  determination  of  longevity  upon  which 
the  life  table  is  based,  and  upon  which  one  of  the  largest  businesses 
of  the  world  has  been  successfully  carried  on  for  years. 

[16]  Although  T,  the  technical  ability,  is  an  indispensable  part 
of  the  earning  ability  of  a  person,  nevertheless  when  the  technical 
ability  is  impaired  from  injury  or  disease  tlie  impairment  is  caused 
by  a  loss  of  the  functional  ability  of  the  brain,  and  hence  this  loss  is 
partly  accounted  for  in  the  loss  to  the  functional  ability  of  the  brain, 
and  the  rest  of  the  loss  this  causes  to  the  earning  ability  is  accounted 
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for  in  the  damage  to  the  competing  ability  of  that  person.  Therefore, 
T,  the  technical  ability,  may  be  discarded  in  determining  the  loss  to 
the  earning  ability  of  a  person  from  injury  or  disease,  and  we  have 
the  formula  reduced  to  the  simplest  terms  of  two  factors,  as  follows: 
(8)  F  C  =  E,  the  statement  of  the  earning  ability  of  a  person  in 
the  natural  science  formula  for  the  purpose  of  determining  its  status 
from  the  loss  upon  which  a  compensation  must  always  be  based. 

Anyone  who  is  capable  of  understanding  the  solution  of  visual 
economics  cannot  help  seeing  that  the  formula  in  this  form  corre- 
sponds to  the  simplest  terms  of  arithmetic,  first  taught  us  in  child- 
hood, namely,  that  F  is  the  multiplicand,  and  C  is  the  multiplier,  and 
E  is  the  product,  the  only  way  known  to  determine  by  computation 
the  true  value  of  anything  in  the  world,  in  the  whole  range  of  the 
science  of  numbers  and  the  art  of  computation. 

[17]  In  formula  (8)  F  C  =  E,  in  normal  conditions,  the  co- 
efficient of  each  of  the  factors,  F  and  C,  is  1.,  and  therefore  E  ==  1. 
If  from  injury  or  disease  there  is  a  loss  to  F,  the  functional  ability, 
of  1.,  then  its  coefficient  becomes  0,  and  hence  E  =  0,  and  therefore 
there  has  been  a  total  loss  or  a  loss  of  100  per  cent.  If  in  a  given  case 
the  loss  to  F  be  less  than  1,,  namely,  .36  for  the  complete  loss 
of  the  sight  of  both  eyes,  then  its  coefficient  becomes  .64P,  and 
"the  primary  coefficient  of  C,  the  competing  ability,"  becomes  .640, 
and  we  have  an  equation  as  follows :  .64P  .640  =  E,  the  statement 
of  the  earning  ability  in  the  formula  for  the  loss  of  the  sight  of  both 
eyes.  Now,  if  the  damage  to  0,  the  competing  ability,  is  1.,  its  coeffi- 
cient becomes  0  and  the  damage  therefore  is  100%,  as  in  the  case 
of  the  functional  ability;  but  in  the  case"  of  the  loss  of  the  sight 
of  both  eyes  it  is  self-evident  that  the  coefficient  of  0,  the  competing 
ability,  does  become  0,  because  such  a  person  does  not,  on  the  law 
of  average,  have  any  competing  ability  of  economic  value.  Hence, 
this  factor  0  becomes  0,  hence  E  =  0,  according  to  a  mathematical 
law  that  when  in  any  computation  one  of  the  factors  becomes  0,  the 
product  is  0  also.  The  actual  total  damage  cannot  be  over  100%, 
and  of  course  the  actual  damage  to  0,  the  competing  ability  of  a 
person,  cannot  be  over  100%.  We,  therefore,  have  a  range  for  the 
damage  to  0,  the  competing  ability  of  a  person,  between  these  two 
cardinal  points  of  no  damage,  to  100%  damage.  For  convenience 
we  divide  this  range  of  100%  into  three  groups,  and  designate  them 
slight,  severe  and  nearly  total,  which  three  groups  would  include  all 
the  different  degrees  of  damage  to  0,  the  competing  ability,  which 
could  ever  take  place  between  the  two  cardinal  points  of  no  damage 
to  0,  to  total  damage  to  it,  that  could  possibly  occur  from  any  loss  to 
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F,  the  functional  ability  .of  the  body  from  injury  or  disease.  Thus 
the  method -of  the  .determination  of  the  damage  to  C,  is  all-embracing 
and  flexible  enough  to  meet  every  actual  existing  condition  that  can 
possibly  occur  from  damages  to  the  functions  of  the  body  from  injury 
or  disease  in  a  manner  equitable  to  all  concerned. 

[18]  In  our  first  study  of  arithmetic  we  were  taught  the  axiom 
that  increasing  the  multiplier  increased  the  product  and  decreasing 
the  multiplier  decreased  the  product.  In  order  to  meet  the  condition 
in  a  given  loss  to  the  functional  ability  of  the  body  which  causes  a 
greater  damage  to  the  competing  ability  than  the  loss  to  the  func- 
tional ability,  "the  primary  coefScient  of  C,  the  competing  ability," 
the  multiplier,  which  of  course  is  a  fraction,  must  be  decreased  in  its 
value  to  decrease  the  product,  the  earning  ability  of  the  person,  and 
thereby  give  a  greater  loss  to  it.  To  decrease  the  value  of  a  fraction 
according  to  a  mathematical  law  we  multiply  it  by  itself,  for  example : 
.5  X  .5  =  .25.  This  process  is  called  involution,  and  may  be  expressed 
thus :  .5^=  .25,  the  exponent  of  the  fraction  indicating  the  number 
of  times  it  is  to  be  used  as  a  factor,  or  the  power  to  which  it  is  to  be 
raised.  On  the  other  hand,  to  increase  the  value  of  a  fraction  uni- 
formly and  with  mathematical  precision,  we  must  reverse  the  process 
of  involution ;  that  is,  find  a  factor  of  it  which  multiplied  by  itself 
the  required  number  of  times  will  produce  the  fraction,  for  example, 
the  factor  of  .25  which  multiplied  by  itself  is  .5,  because  .5  x  .5  =  .25. 
This  may  be  expressed  thus :  .25''^  =  .5,  it  being  an  expression  for  the 
reverse  process  of  involution  by  the  reverse  of  the  exponent  2,  used 
in  the  involution  example,  thus :  .5-  =  .25.  This  process  consists  in 
extracting  the  root  of  a  fraction  and  is  called  evolution.  Computa- 
tions are  made  by  it  with  "the  primary  coefficient  of  C,  the  competing 
ability"  in  Table  1.  The  process  of  involution  and  evolution  is  so 
simple  that  it  should  be  readily  understood  by  anyone  capable  of 
comprehending  the  solution  of  the  compensation  problem. 

[19]  From  a  loss  to  F,  the  functional  ability  of  the  body,  from 
.01  to  .80,  thus  giving  it  a  coefficient  of  from  .99  to  .20,  and  hence 
"the  primary  coefficient  of  C,  the  competing  ability"  of  the  same 
value,  we  are  able  by  involution  and  evolution  to  grade  the  status  of 
the  earning  ability  of  the  body  through  the  damage  to  the  competing 
ability  between  the  two  cardinal  points  of  a  slight  percent,  of  damage 
to  it  to  a  nearly  total  percent,  of  damage  to  it;  thus  giving  a  range 
and  gradation  to  the  status  of  the  earning  ability  of  the  body  of 
sixteen  different  degrees  from  which  the  loss  to  the  earning  ability 
of  the  body  can  be  obtained  in  percentage  (as  per  Tables  3  and  4), 
upon  which  compensation  must  always  be  based. 


13602  VISUAL  ECONOMICS 

[20j  With  reference  to  the  computations  in  Tables  1  and  2,  it  is 
plainly  evident  that  they  represent  the  status  of  the  earning  ability 
of  the  body  from  two  distinct  sources,  as  follows : 

First,  from  the  loss  to  the  functional  ability  of  the  body  due  to  a 
loss  of  the  function  of  some  system,  or  orjjan,  of  the  body,  for  in- 
stance like  the  loss  of  the  function  of  one  eye,  the  standard  of 
measurement  for  which  is  .18  of  F,  the  whole  functional  ability  of  the 
body,  and  determines  the  status  of  its  coefficient  as  .82F,  which  always 
remains  the  same  in  every  computation. 

Second,  from  the  damage  to  the  competing  ability  of  the  person, 
namely,  that  of  "the  primary  coefficient  of  C,  the  competing  ability,'' 
which  is  .82C. 

[21]  The  computations  for  the  status  of  the  earning  ability  fof 
the  loss  of  the  functions  of  one  eye  range  from  a  status  of  .8036  to 
.1125,  entailing  a  loss  from  the  1°  slight  loss  to  it  of  19.64%,  to  a  5 
nearly  total  loss  to  it  of  88.75%.  In  the  1°  slight  loss  to  it  of  19.64% , 
18%  is  of  course  due  to  the  loss  of  the  functions  of  one  eye,  and  the 
remainder  of  1.64%  is  for  the  damage  to  the  competing  ability.  In 
the  5°  nearly  total  loss  to  it  of  88.75%,  18%  is  of  course  for  the 
loss  of  the  functions  of  one  eye,  and  the  remainder  of  70.75%  is 
for  the  damage  to  the  competing  ability  of  the  person.  Here  we 
have  a  range  between  the  two  cardinal  points  of  no  percent,  dam- 
age to  the  competing  ability  to  one  of  lOO^r  damage  to  it,  wliicli 
of  course  embraces  all  the  damage  tlian  can  possibly  occur  to  it. 
for  it  is  impssible  to  have  more  than  100%  damage  to  anything. 
This  damage  to  the  competing  ability,  it  will  be  seen  begins  with 
a  damage  of  1.64%)  and  ends  with  a  damage  of  70.75%,  whicli 
is  divided  into  sixteen  different  degrees, — a  range  and  gradation 
sufficient  to  meet  every  possible  damage  that  might  be  required 
for  any  such  loss  to  the  functional  ability  of  the  body,  no  matter  whal 
function  of  a  system  or  organ  of  the  body  might  be  involved,  or 
what  vocation  the  person  might  follow,  unless  perhaps  in  some  rare 
instances  the  damage  to  the  competing  ability  of  the  person  (in  the 
voeation  he  followed,  or  in  any  vocation  he  could  follow  successfully) 
might  be  total,  when  of  course  there  would  be  a- total  loss  to  the 
earning  ability  of  that  person. 

[22]  It  wdll  thus  be  seen  that  Tables  1  and  2  provide  the  complete 
computations  in  tabular  form  for  all  the  actual  existing  conditions 
of  C,  the  competing  ability  of  a  person,  after  damage  to  the  functions 
of  the  body  from  injurj^  or  disease,  thus  giving  a  status  of  the  earning 
ability  between  the  two  cardinal  points  of  1°  slight  loss  to  it  to  the  5" 
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nearly  total  loss  to  it,  for  the  loss  to  the  functional  ability,  and  for 
the  damage  to  C,  the  competing  ability. 

[23]  Tables  3  and  4  are  obtained  by  subtracting  the  status  of  the 
earning  ability  in  Tables  1  and  2,  from  1.,  Avhieh  gives  the  loss  to  the 
earning  ability.  It  will  be  seen  then  that  Tables  3  and  4  are  coiii- 
plementary  to  Tables  1  and  2,  and  as  they  give  the  loss  to  the  earnin- 
ability  of  the  body  for  all  the  computations  made,  it  is  not  neeessarv 
to  go  into  the  details  of  the  computations  which  constitute  Tables  1 
and  2,  but  as  soon  as  the  loss  to  the  functional  ability  is  determined, 
in  the  form  of  a  decimal  fraction,  to  go  direct  to  Tables  3  and  4,  and 
looking  down  Col.  1,  loss  to  F,  until  we  come  to  the  same  decimal 
fraction,  where  we  find  on  a  line  with  it  all  computations  giving  the 
loss  to  the  earning  ability  of  the  body  from  such  a  loss  to  F,  the 
functional  ability,  together  with  the  damage  to  C,  the  competing 
ability,  as  herein  described. 

[24]  For  an  aid  in  the  determination  of  the  damage  to  the  com- 
peting ability,  and  througli  it,  its  part  of  the  loss  to  the  earning 
ability  of  the  body,  the  sixteen  computations,  obtained  by  the  practise 
of  decreasing  "the  primary  coefficient  of  C,  the  competing  ability" 
(the  multiplier)  by  involution  and  increasing  it  by  evolution  between 
the  two  cardinal  points  of  no  per  cent,  of  loss  to  it  to  total  loss  to  it. 
have  been  divided  into  three  groups  and  designated  slight,  of  which 
there  are  five  degrees;  severe,  of  Avhieh  there  are  six  degrees;  and 
nearly  total,  of  which  there  are  live  degrees.  These  tables  have  been 
formed  on  the  basis  herein  set  forth  for  the  purpose  of  shortening 
and  simplifying  the  computations  in  the  solution  of  these  problems. 
They  have  been  found  of  such  inestimable  service  in  this  respect  that 
many  have  informed  the  author  that  they  considered  the  conception 
which  led  to  their  formation  a  great  inspiration. 

[25]  It  is  self-evident  that  the  values  obtained  by  the  natural 
science  method  in  these  tables  can  be  employed  in  solving  the  com- 
pensation problem  just  as  readily  as  those  values  obtained  from  any 
tables  designed  to  shorten  the  process  of  computation. 

EXAMPLES    SHOWING    THE    NATURAL    SCIENCE    METHOD    BY    WHICH    VISIAI. 
ECONOMICS    CAN   BE   SOLVED 

[26]  For  the  purpose  of  demonstrating  that  the  damages  to  the 
functions  of  the  eyes  should  be  detennined  in  exactly  the  same  way 
as  the  damages  to  any  commodity-,  the  damages  to  several  kinds  of 
cloth  from  fire  and  water  in  one  of  the  twelve  divisions  of  a  depart- 
ment store  will  be  taken  as  examples.  After  mea.suring  the  unburned 
cloth  and  getting  bids  from  several  parties  who  are  in  the  market  to 
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_  _b9Y_damaged  £opdSj  an  inventory  of  the  damage  to  the  several  kinds 
of  cloth  and  the  value  of  the  remainder  of  each  kind  was_made  and 
accepted  both  by  the  managers  of  the  department  store  and  the  in- 
surance company;  namely,  of  100  yards  of  each  of  the  six  different 
kinds  of  dress  goods,  18  yards  of  each  were  so  much  burned  that  they 
were  designated  destroyed  by  fire.  The  best  price  for  the  remainder 
is  given  in  a  decimal  which  represents  cents,  and  when  multiplied 
by  the  number  of  yards  of  unburned  cloth,  which  is  the  same  in  each 
case,  we  have  the  product  in  whole  numbers  and  a  decimal  which 
represents  dollars  and  cents.  As  the  cost  of  each  kind  of  cloth  was 
$1.00  per  yard,  its  value  was  $100,  and  when  the  product  of  each 
multiplication  is  subtracted  from  $100,  and  the  remainder  divided  by 
100,  the  loss  is  in  percentage,  and  represents  the  loss  to  each  piece  of 
cloth  and  to  the  owner,  as  follows : 

[27]  Condensed  Statement  of  the  damage  from  fire  in  the  dress 
goods  division  of  a  department  store,  by  the  bookkeeper. 

(1)  (2)  (3)  (4)  (5) 

Kind  of  Cloth  "Vds.  left     Price  per  yd.  Value     Loss  Percent  loss 

Example  1— Cashmere 82       X       .98  =80.36  =  19.64=       19.64% 

Example  2— Gingham 82  X  .82  =67. 24  =  32. 76=  32. 76% 

Example  3— Galatea 82  X  .6724  =55.13  =  44.87=  44.87% 

Example  4— Chambray  ... .  82  X  .5513  =45.20  =  54.80=  54.80% 

Example  5— Muslin 82  X  .1372  =11.25=88.75=  88.75% 

Example  6— Voile 82  X  .0  =0.      =100.    =  100% 

[28]  It  will  be  noticed  that  the  cashmere  sold  for  98  cents,  which 
was  as  near  its  original  price  of  $1.00  as  could  be  expected  and  have 
any  damage  done  to  it;  hence,  this  would  certainly  be  designated  a 
slight  damage  to  the  cloth,  or  in  other  words,  a  slight  damage  to  its 
competing  ability  in  the  market.  It  will  also  be  seen  that  the  voile 
was  so  much  damaged  that  nothing  was  offered  for  it ;  hence  it  was  a 
total  loss.  AVe  thus  have  a  range  between  the  two  cardinal  points  of  no 
damage  and  total  damage,  which  is  a  100%  range.  As  the  number  of 
yards  burned  in  each  piece  of  cloth  was  determined  by  the  standard  of 
measurement  of  the  yard  stick,  the  remainder  of  each  piece  of  cloth, 
or  the  functional  ability  of  the  cloth,  becomes  a  fixed  quantity,  the 
price  varying  according  to  the  quality,  it  being  determined  by  the 
market  price,  the  same  as  all  commodities,  and  the  same,  we  might 
say,  as  the  price  of  labor,  for  the  price  of  labor,  whether  a  person 
be  normal  in  all  his  functions,  or  subnormal  in  some  of  them  in  con- 
sequence of  damage  to  the  body  from  injury  or  disease,  is  determined 
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by  its  efficiency  and  the  law  of  supply  and  demand.  As  each  piece 
of  cloth  cost  $1.00  per  yard,  the  price  at  which  the  unburned  damaged 
cloth  could  be  sold  for  must  range  between  100  cents  and  no  cents 
per  yard.  A  reasonable  and  practical  division  of  this  range  of  the 
damage  to  the  cloth  is  as  follows:  slight,  to  which  the  cashmere  be- 
longs, as  it  was  damaged  but  2  cents  on  a  yard ;  Severe,  to  which  the 
gingham,  galatea,  and  chambray  belong;  Nearly  total,  to  which  the 
muslin  belongs;  and  Total,  to  which  the  voile  belongs. 

[29]  In  one  of  the  twelve  divisions  of  the  same  department  store, 
in  which  drugs,  chemicals  and  explosives  are  kept  for  sale,  an  ex- 
plosion occurred.     An  extract  from  the  medical  examiner's  report  is 

as  follows: 

Loss  to  Damage  to 

F  C 

Example  1 — J.  C  Cashm3re,  bookkeeper 

R.E.     V.     N    ;Fd.  andMf.     N.  .18;    St.r  =Ci-io  =  (.98) 

L.E.      V.  9/200;  Scar  of  cornea,  St.; 
Fd.  and  Mf.     N. 

Example  2 — G.  H.  Gingham,  floor-walker, 

R.E.     V.     N    ;  Fd.  and  Mf.     N. 

L.E.      V.  4/200;  Scar  of  cornea,  Se.;  _  ^      ^ 

Mf.     N.  .18;    Se.2°=Ci     =(.82) 

Example  3 — J.  G.  Galatea,  a  salesman, 

R.E.     V.     N    ;Fd.  andMf.     N.  „     ^,        ,  ^^^., 

L.E.      V.  0/200;  No  Fd.,  Mf.     N.;  .18;    Se.3°  =C2     =(.6724) 

Example  4 — A.  B.  Chambray,  clerk, 

R.E.     V.     N;Fd.  andMf.     N.  no     q   a^     r,        r  ^^-^^ 

L.E.  Eye  removed  -18;    Se.4    =C»     =(.5513) 

Example  5— S.  M.  Muslin,  a  druggist, 
R.E.     V.    0'200;  No.  Fd.  Mf.  good, 

L.E.      V.  20/50  ;  T.  and  Na.Fd.60°;  Ki'^°-Cio    -(  1372) 

Mf.  good  -30;    ^^5=^1"    -{.167Z) 

Example  6 — J.  V.  Voile,  Chemist, 

R.E.  Eye  removed 

L.E.      V.  20/200;  T.  and  Na.Fd.50°  _ 

Mf.  good  .  -36;    Tl.     =C»     -W 

[30]  By  taking  the  loss  to  F,  and  the  damage  to  C,  (or  C  with 
its  exponent  as  a  guide  to  the  right  computation),  we  go  direct  to 
Tables  3  and  4,  and  readily  make  the  determination  as  follows : 

Example  1-Percentage  of  loss  to  K,  of  Mr.  J^  C  Ca.shmere 19.64% 

Example  2-Percentage  of  loss  to  E.,  of  Mr.  G.H.  Gingham ilay^^ 


Example  2— Percentage  of  loss  to  E.,  ot  Mr.  y.  n.  uingnaiii 4487% 

Example  3— Percentage  of  loss  to  E.,  of  Mr.  J.  G.  Galatea tT^i^^ 

Example  4— Percentage  of  loss  to  E.,  of  Mr.  A.  B.  Chambray »*• 

Example  5— Percentage  of  loss  to  E.,  of  Mr.  S.  M-  Mushn »»• 

Example  6— Percentage  of  loss  to  E.,  of  Mr.  J.  \ .  Voile auu. 
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The  determination  of  the  loss  to  the  earning  ability  of  a  person  is 
made  as  quickly  from  the  report  of  the  medical  examiner  by  the  use 
of  Tables  3  and  4,  as  it  is  possible  to  use  any  table  designed  to  shorten 
the  process  of  computation. 

[31]  In  order  to  make  the  comparison  between  the  damage  to  the 
six  men,  and  to  the  six  pieces  of  cloth  as  complete  as  possible,  the 
computation  for  the  determination  of  the  loss  to  the  earning  ability 
of  each  of  these  men  will  be  carried  out  in  a  manner  similar  to  the 
computations  for  the  determination  of  the  loss  to  the  earning  ability 
of  each  of  the  pieces  of  cloth.  It  will  be  noticed  that  the  exponent 
of  C,  the  competing  ability,  indicates  the  damage  to  it,  the  same  as 
the  abbreviation  of  the  words  slight  (St.  1°  =  C'^"  =  .98)  ;  severe 
(Se.  2°  =  C^  =  .82);  (Se.  3°  =  C- =  .6724),  and  (Se.  4°  =  C^  = 
.5513)  ;  Nearly  total  (Nt.  5°  -=  C^*^  =  .1372)  and  Total  (Tl.  C"  =  0). 

(1)  (2)  (3)  (4)  (5) 

Loss  to  Damage  Product     Loss        Percent 

r=.18  to  =  .  loss 

Hence:  C  E  to  E 

Example: 

1— Mr.  Cashmere  .82F  X    .82Ci-io  =  (St.l°  )  =  (.98     )  =  .8036=  .  1964=   19.64% 

2— Mr.  Gingham.   .82F  X    .82Ci     =(Se.2°)  =  (.82     )  =  .6724=  .3276=  32.76% 

3— Mr.  Galatea..    .82F  X    .82C2     =(Se.  3°)  =  (.6724)  =  .5513=  .4487=  44.87% 

4— Mr.Chambrav   .82F  X    .8203     =(Se.  4°)  =  (.5513)  =  .4520=  .5480=  54.80% 

5— Mr.  Muslin. .'.    .82F  X    .82Cio    =(Nt.5°)  =  (.  1372)  =  .  1125=  .8875=  88.75% 

6— Mr.  Voile 82F  X    .82Co     =(T1.    )  =  (T1.     )  =  .00     =100.    =100       % 

[32]  In  comparing  the  computations  in  %  21  with  those  of  %  31, 
it  will  be  noticed  that  the  figures  in  col.  1  are  identical,  only  those 
representing  the  remaining  functional  ability  of  the  cloth  are  in  whole 
numbers,  while  those  representing  the  remaining  functional  ability 
of  the  body  of  the  six  men  are  in  decimals.  The  price  (the  multiplier) 
the  cloth  sold  for  is  in  decimals,  hence  the  product  is  in  whole  num- 
bers and  decimals,  while  the  competing  ability  (the  multiplier)  of 
the  men  is  in  decimals;  and  therefore,  the  entire  product  in  each 
ease  is  a  decimal,  the  figures  being  identical  in  each  case ;  therefore,  the 
figures  in  col.  4  are  identical  and  correspond  to  the  products  as  to 
values.  Hence,  the  percentage  of  loss  in  each  case  in  col.  5  is  iden- 
tically the  same,  thus  proving  mathematically  that  the  process  carried 
on  in  the  determination  of  the  damage  to  each  piece  of  cloth  (its 
functional  ability)  and  in  the  determination  of  the  damage  to  the 
functional  abilitj^  of  the  bod}^  of  each  of  the  men  is  the  same  in  each 
ease.  The  damage  to  C,  the  competing  ability  of  each  of  the  persons, 
is  represented  by  the  abbreviation  of  the  words  slight,  (St.)  ;  severe 
(Se.)  ;  nearly  total  (Nt.)  ;  and  total  (TL),  with  a  figure  and  the  sign 
of  a  degree,  indicating  the  degree,,  and  a  decimal  giving  the  actual 
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degree  of  damage,  the  same  as  ^  27  for  the  cloth.  This  gives  the 
same  range  of  damage  between  the  two  cardinal  points  of  no  damage 
to  the  competing  ability  and  total  damage  to  it,  which  is  a  range  of 
100%,  the  same  as  in  the  cloth. 

[33]  Among  the  thousands  of  damages  to  the  functions  of  tlie 
l)ody  incident  to  the  world  war  that  came  up  for  my  consideration 
at  the  ^Medical  Section  of  the  Bureau  of  War  Risk  Insurance,  we 
will  select  examples  and  make  brief  extracts  from  the  report  of  tlie 
Medical  Examiner,  as  follows : 


Loss 
to 
F 


Damage  Dam- 
in  de-  I     age 
grees   j  indi- 
te     I  cated 


C 


Case  1,  formerly  a  clerk,  age  30 

R.E.  V.  20/50;  scar  of  cornea, 

Fd.  and  Mf.  N., 
L.E.  V.  N.;  Fd.  andMf.  N. 
Case  2,  formerly  a  mechanic,  age  28, 
R.E.  V.20  50;  scar  of  cornea, 

Fd.  and  Mf.  N. 
L.E.  V.20;35  +  (0.6)  scar  of 
cornea,  Fd.  and  Mf.  N. 


by 
expo- 
nent 


Ac- 
tual 
sta- 
tus 
of 
C 


Los.s 
to 

y: 

in 


.09      St.  5= 


Ci-s     =    .968   =   11  92 


.09 


.03   .12  I  Se.  1°  I  Ci-2    =    .938   =    17. 4() 


Case  3,  formerly  a  bookkeeper,  age  29, 
R.E.  V.  0/200;  Fd.  and  Mf.  N., 

No.  ext.  defect,  cause  central; 
L.E.  V.  N.;  Fd.  and  Mf.     N. 

Case  4,  formerly  a  salesman,  age  32, 

R.E.  V.  20/20;  Fd.  and  Mf.  N.; 
L.E.  V.  20/20;  Fd.  lost    to    20° 

concentrically; 

Mf.  N.,  No.  ext.  defect 

Case  5,  formerly  a  chauffeur,  age  29, 

R.E.  V.  20/20;  T.Fd.  lost  to  12°; 

Mf.  N. 
L.E.  V.  20/20;  T.Fd.  lost  to  12°; 

Mf.  N. 

Case  6,  formerly  a  farmer,  age  32, 

R.E.  V.  20/30;  Fd.  N.,  complete 
paralysis  of  each  external  rec- 
tus, 
L.E.  V.  20/30;  Fd.  N.,  operation  en- 
abled him  to  sec  straight 
.liioad  with  one  eve. 


.18     St.  1°  i  Ci-io   =.98       =    19.04 


.09  !  St.  5°      Ci-3    =    .968   =    11.92 


.18     Se.  2°  I  Ci       =.82       =  32.76 


.20     Se.  2°      C 


.SO 


=   36.00 


Case  7,  formerly  a  machinist,  age  31, 

R.E.  V.  20/50;  Fd.  St.  loss  .09 

Mf.     N.  .03 

L.E.  V.  20/30;  Fd.  St.  loss  .03 

Mf.     N.  .03  .18 


Se.  r  '  Ci-2     =906   =     25  71 
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Loss 
to 
F 


Case  8,  formerly  a  farmer,  age  28, 

R.E.  V.  20/20;  Fd.  and  Mf.     N. 
L.E.  V.  8/200;     Detachment    of 

retina;  Mf.     N.  .18 

Case  9,  formerly  a  farmer,  age  31, 

R.E.  V.  0/200;  No  Fd.,  Mf.  N.,    .  18 
L.E.  V.  20/60;  T.  and  Na.  Fd. 

lost  to  60°;  Mf.     N.  .15   .33 


Case  10,  formerly  a  druggist,  age  29. 

R.E.  V.  3/200;  Scar  of  cornea 

Fd.  and  Mf.     N.  .  18 

L.E.  V.  20/20;  Fd.  and  Mf.  N., 

Tl.  loss  of  H.  inR.  ear  .12   .30 


Case  11,  formerly  a  chemist,  age  32, 

R.E.  V.  20/20;  Fd.  and  Mf.  N.  . 
L.E.  V.  None.  Eye  removed, 
the  same  injury  damaged 
the  nose  to  such  an  extent 
that  there  was  an  entire 
loss  of  the  sense  of  smell, 
the  nasal  passages  being 
so  nearly  occluded  that  he 
had  to  breathe  through 
his  mouth  and  his  voice 
had  the  sound  as  though 
"talking  through  his 
nose,"  which,  of  course, 
was  caused  by  nasal  sten- 
osis. 


18 


12   .30 


Case  12,  formerly  an  attorney,  age  32, 

R.E.  V.  20/20;  Fd.  and  Mf.     N. 
L.E.  V.  8/200;  Scar  of  cornea;  Fd. 

and  Mf.     N. 

Left     hand     amputated     at 

wrist,    wearing    an    artificial 

hand. 
Loss  to  L.E.  . 18 

Loss  for  L.  hand         .  20 
Making  use  of  formula  (2) ; 
hence  we  have: 
.80a  b  d  .82g  =  F.     Hence, 
F  =  .  656.     Hence  the  loss  to 
F  =  .  344,  called   .  34, 
which  is  .  04  less  than  that  obtained 
by  addition,— ( .  18  +  .  20  =  .  38) 

Case  13,  formerly  a  skilled  machinist,  age  33, 
R.E.  V.  20  20;  Fd.  and  Mf.  N. 


.34 


Damage 
in  de- 
grees 
to 
C 


Se.  2° 


Se.  2= 


Se.  2° 


Se.  3= 


Se.  3= 


Dam- 

Ac- 

Loss 

age 

tual 

to 

indi- 

sta- 

E 

cated 

tus 

in 

by 

of 

% 

expo- 

C 

nent 

Ci 


.82 


32.76 


Ci     =      .67   =     55.11 


Ci     =      .70   =     51. 


C2 


=  .49   =  65.70 


C2 


.4356   =  71.26 
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Loss 
to 
F 


L.E.  V.  20,25;  Fd.  and  Mf.  X. 

The  periphery  of  each  cornea 
presents  scar  tissue  making 
a  conspicuous  cosmetic  defect, 
damaging  his  competing  abil- 
ity to  severe  degree.  none 


Damage    Dam 
in  de- 


grees 
to 
C 


Se. 


age 
indi- 
cated 

by 
expo- 
nent 


Ac- 
tual 
sta- 
tus 

of 

C 


Loss 
to 
E 


[34]  In  case  13,  F,  the  functional  ability  of  the  body,  has  not  been 
damaged,  but  the  scar  tissue  in  the  periphery  of  each  cornea  makes  a 
conspicuous  cosmetic  defect,  damaging  C,  the  competing  ability  to  a 
severe  degree,  not  only  because  some  employers  would  suspect  de- 
fective vision  but  they  would  object  to  having  a  person  in  their  employ 
who  showed  such  a  conspicuous  cosmetic  defect.  Can  we  ascertain 
the  loss  to  the  earning  ability  of  a  person  through  the  damage  to  C, 
the  competing  ability  of  that  person  alone,  on  a  mathematical  basis? 
Certainly  not,  for  but  one  factor  is  damaged  and  we  cannot  solve  a 
problem  with  one  factor  no  matter  what  we  do  with  it  or  to  it.  There- 
fore, the  loss  to  the  earning  ability  of  such  a  person  must  be  estimated, 
and  the  compensation  for  it  governed  accordingly. 

EMPIRICAL   METHODS   USED   IN   THE   COMPENSATION  PROBLEM 

[35]  Magnus'  contributions  to  the  scientific  solution  of  the  com- 
pensation problem  in  visual  economics,  as  translated  by  Wiirdemann, 
enunciated  principles  far  in  advance  of  anything  that  had  ever 
been  published,  in  that  he  had  the  true  conception  of  the  complete 
earning  ability  of  the  body,  analyzed  it  according  to  the  natural 
science  method,  determined  its  indispensable  factors  and  stated  them 
in  its  formula  in  terms  which  must  ever  remain  classical.  He,  how- 
ever, did  not  have  that  competing  ability  necessary  to  make  this 
analysis  effective  and  therefore,  never  used  it.  Magnus  adopted  a 
method  in  which  he  built  up  "a  formula  for  the  act  of  seeing  in 
relation  to  earning"  on  the  assumption  that  the  functional  ability  of 
the  eyes  is  the  whole  functional  ability  of  the  body,  instead  of  just 
what  it  is  really,  namely,  an  important  part  of  it.  Magnus  resolved 
the  physiologic  act  of  vision  into  its  factors  for  the  eaniing  ability 
of  the  eyes,  in  which,  in  a  case  like  that  of  the  clerk,  in  f  33  (1),  the 
functions  of  the  less  injured,  or  normal  eye,  constitute  F,  the  func- 
tional ability  (the  multiplicand)  in  the  formula,  and  the  status  of 
the  injured  eye  and  less  injured  or  normal  eye  in  ai-ithnietical  pro- 
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portion  constitute  K,  the  competing  ability,    (the  multiplier)  ;  thus 
stating  the  earning  ability  of  the  clerk  as  follows : 


E  =  C  (max)    V"P  ^/M  (F)  y^^^^-  ^  ^  <^^  ^^^ 

The  result  is  that  when  a  solution  is  made  of  this  formula  the  values 
in  it,  constituting  F,  the  functional  ability  (the  multiplicand)  be- 
tween E,  and  the  radical  sign,  with  x  for  its  index,  become  1 ;  just 
what  they  were  when  they  were  put  into  the  formula  under  a  radical 
sign ; — they  had  neither  lost  nor  gained  by  this  process,  for  any  root 
of  1,  is  always  1.  The  functions  of  the  left  eye  of  the  clerk  were 
determined  by  the  medical  examiner  to  be  normal,  and  therefore,  they 
must  equal  to  1.  in  any  place  they  might  be  put,  and  as  such  they 
may  be  discarded,  because  if  1.  is  used  for  the  multiplicand,  the 
product  would  be  the  multiplier,  that  is,  its  value  would  not  be 
changed.  This  leaves  the  formula  without  a  multiplicand  and  with 
only  one  factor,  namely,  K,  the  competing  ability  (the  multiplier). 
It  is  self-evident  that  to  attempt  the  solution  of  a  problem  with  one 
factor  is  to  attempt  to  violate  an  indisputable  law  of  mathematics, 
namely,  that  there  must  always  be  at  least  two  factors  to  solve  any 
problem.  If,  as  in  this  formula,  after  discarding  the  multiplicand 
you  have  only  the  multiplier  left,  j'ou  cannot  multiply  because  you 
have  nothing  with  which  you  can  multij^ly.  Magnus  failed  to  recog- 
nize this  fact,  but  it  is  a  mystery  how  it  failed  to  escape  the  attention 
of  the  expert  mathematician,  whom,  it  is  said  in  the  preface,  he  called 
to  his  aid.     As  to  K,  the  competing  ability,    (the  multiplier)    that 

remains  of  the  formula  the  V  P,  the  field  of  vision,  and  v^M,  the 
muscular  functions,  of  course  become  1,  the  same  as  they  did  in  the 

yo.4+1. 


multiplicand,  and  the  formula  is  reduced  to:  E==  ^         2  Hence 


E  =  V  0.7,  which  in  reality  is  that  E  =  0.7 ;  the  0.7  representing  the 
status  of  the  clerk's  vision,  which  by  Magnus'  method  is  E,  the  status 
of  the  earning  ability.  The  medical  examiner,  however,  determined 
the  vision  of  the  left  eye  of  the  clerk  was  normal,  hence  this  method 
of  arithmetical  proportion  (which  is  used  in  so  many  empirical 
methods)  determines  a  wrong  value  for  vision.  As  a  status  of  E  =  0.7, 
would  give  a  loss  to  it  of  .3  or  30%,  this  loss  Magnus  deemed  too 
great  for  the  loss  of  vision  in  one  eye  to  20/50 ;  so  he  employed  evolu- 
tion to  increase  0.7,  the  status  of  E,  at  this  stage  of  the  solution,  and 
selected  10  to  take  the  place  of  x.     Hence,  the  equation  without  the 
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factor  of  its  multiplicand  becomes  E  =  v^^jT    Therefore,  E  =  .965 
and  the  loss  is  .035,  or  3.5%,  as  against  that  determined' in  f[  33  of 
11.92%.  ^' 

[36]  Had  not  Magnus  made  the  fatal  error  "in  building  up  a 
formula  for  the  act  of  seeing  in  relation  to  earning"  on  the  assump- 
tion that  the  functions  of  the  eyes  are  the  whole  functional  ability 
of  the  body  (as  is  also  done  in  all  empirical  methods),  but  had  used 
them  for  just  what  they  are  really,  namely,  an  important  part  of  the 
whole  functional  ability  of  the  body,  and  therefore,  an  important  part 
of  the  "full  earning  ability"  as  would  be  implied  from  his  analysis 
of  it,  the  great  fundamental  principles  which  he  contributed  towards 
the  solution  of  the  compensation  problem  in  visual  economics  would 
have  been  made  available  many  years  before  they  were  so  made  in 
physical  economics. 

[37]  Magnus'  conception  of  the  earning  abilitv  is  as  follows 
(Pages  26,  27  and  28,  Y.  E.)  : 

"If  we  would  conceive  of  an  injury  to  the  earning  ability  as  a 
quantity  which  can  be  given  a  mathematical  value,  we  w^ould  have  to 
start  from  an  estimation  of  the  complete  earning  ability,  which  in  a 
healthy  normal  individual  is  a  composite  quantity  resulting  from 
three  factors : 

"(1)    The  unimpaired  functional  power  of  the  bodily  organs. 

"(2)  The  technical  knowledge  which  is  necessary  for  the  carrying 
on  of  the  vocation. 

"  (3)   The  ability  of  the  individual  to  compete  in  the  labor  market. 

"These  elements  cannot  be  regarded  as  equal  in  value.  Doubtless  the 
functional  conditions  of  the  bodily  organs  is  of  the  first  importance 
for  successful  work.  The  preparatory  education  or  knowledge  is  of 
nearly  equal  value.  ]\Iuch  less  importance  should  be  given  to  the 
third  element,  the  ability  to  compete  in  the  labor  market.  This  is 
dependent  upon  the  value  of  the  two  others,  because  the  ability  of 
an  artisan  to  battle  against  competition  depends  largely  upon  the 
condition  of  his  health  and  his  technical  knowledge — our  two  first 
elements.  We  have  divided  the  conception  of  the  earning  ability  into 
its  three  fundamental  elements  solely  because  such  an  analysis  makes 
it  possible  to  put  the  normal  earning  ability  into  a  mathematical 
formula.  Thus  we  designate  the  earning  ability  itself  E;  the  fii-st  of 
our  elements,  the  functional  ability,  F;  the  second,  the  necessary 
knowledge,  V;  and  the  third,  the  ability  to  compete,  K.  In  this 
formula  we  put  the  two  quantities,  F  and  V,  in  their  full  value  and 
accept  K  as  a  root  value.  There  Avould  be  nothing  changed  in  the 
total  value  of  the  formula  itself  because  as  the  root  of  1  is  always  1, 
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and  we  regard  F,  V  and  K  as  1,  it  is  immaterial  for  the  formula  itself 
if  we  take  one  of  the  three  quantities  as  a  root  or  not,  but  this  pro- 
portion immediately  changes  when  the  part  introduced  as  a  root 
grows  smaller  than  1,  as  happens  in  each  ocular  injury,  because  the 
root  of  each  genuine  fraction  is  always  greater  than  the  fraction 
itself. 

"When  we  express  the  earning  ability  through  the  three  factors, 
F,  V  and  K,  we  present  E,  not  as  a  sum,  but  as  the  product  of  these 

quantities,  as  multiplied  thusl}^ :  E  =  F  V  A/  K,  in  which  the  ex- 
ponent X  changes  with  the  degree  of  the  functional  damage.  E  must 
always  be  regarded  as  a  product  and  not  as  a  sura,  to  meet  all  pos- 
sibilities occurring  in  practice.  If  we  add  F,  V  and  K,  the  formula 
would  give  wrong  practical  results,  as  we  see  in  the  following  ex- 
ample :  Supposing  both  eyes  were  lost  in  an  accident,  the  quantity  F 
of  our  formula  would  be  0.     If  we  had  connected  F,  V  and  K  with 

the  -f-  and  added,  even  if  K  would  have  become  0,  V  -f  a,'  K,  which 
is  the  remainder  of  the  earning  ability,  would  have  been  left.  This 
would  be  entirely  wrong,  because  a  laborer  who  has  lost  his  func- 
tional ability,  especially  the  sense  of  sight,  should  be  regarded  in  an 
optical  way  as  entirely  unable  to  earn.  Taking  the  same  example 
and  using  our  formula  with  F  =  O,  E  immediately  becomes  0,  be- 
cause each  product  is  always  0  if  one  of  the  factors  is  O.  If  we 
would  leave  V  out  of  our  formula,  E  of  course  =  0,  and  actual  prac- 
tice confirms  this,  because  even  the  most  simple  hand  work  requires 
a  certain  amount  of  preparatory  education.  Finally,  if  we  drop  the 
third  factor,  the  10th  root  of  K,  the  normal  earning  ability  according 
to  our  formula  becomes  0,  which  is  likewise  shown  by  practical  ex- 
perience, because,  even  though  an  individual  is  in  good  health  and  by 
reason  of  preparatory  education  has  the  skill  to  work,  if  his  work  is 
not  needed,  his  economic  value  is  nil.  He  may  possess  the  power  of 
working,  as  the  factors  F  and  V  are  present,  but  he  only  has  earning 
ability  when  he  can  dispose  of  the  work  in  the  economic  market. 

"The  calculation  of  injury  to  the  earning  ability  proposed  by  us 
starts  from  the  formula  for  the  full  earning  ability : 

E  =  F  V  v^K '' 
[38]     Magnus  discards  V,  the  technical  ability,  for  the  same  rea- 
sons that  are  given  in  ^  16,  and  the  formula  thus  simplified  is  as 


follows:     E  =  F  VK,  which  corresponds  to  formula  (8)   F  C  =  E 
(51 16),  and  is  the  formula  used  in  ^35.     The  symbols  F  and  K  are 
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exhibited  in  parenthesis  to  make  it  more  apparent,  that  this  is  so, 
as  follows : 


E  =  C  (m 


ax)   Vv  v^M  (F)  y-'    2     '  ^/P  V^^l  (K). 


[39]  Although  Magnus'  formula  is  built  up  on  the  assumption 
that  the  earning  ability  of  the  eyes  is  synonymous  with  the  earning 
ability  of  the  body,  this,  it  will  be  seen,  is  not  tnie  according  to  his 
own  true  analysis  of  the  "complete  earning  ability  of  the  body"; 
nevertheless,  many  of  his  reasonings  and  deductions  in  regard  to  the 
indispensable  factors  of  the  earning  ability  coincide  with  this  true 
conception  and  therefore  are  a  great  contribution  to  the  solution  of 
the  problem  of  visual  economics. 

[40]  The  meaning  and  estimation  of  the  ability  to  compete  is  one 
of  these  contributions,  as  follows:    (Page  46,  V.E.) 

"When  an  individual  receives  an  accidental  injury,  especially  that 
of  vision,  the  damage  to  him  is  a  double  one.  First,  there  is  the  im- 
pairment of  his  working  ability  from  the  results  of  the  accident  in 
that  he  cannot  perform  as  good  or  as  much  work  as  fonnerly,  and 
second  his  chances  for  obtaining  work  quickly  and  easily  are  less. 
This  second  factor  is  not  so  unessential  as  one  might  suppose.  Prac- 
tical experience  shows  that  the  one-eyed  person  not  only  has  more 
difficulty  in  finding  emploj-ment,  but  that  in  some  factories  his  visual 
disorder  makes  it  difficult  for  him  to  retain  his  emplo^mient.  Work- 
men with  sound  eyes  are  preferred  by  most  employers  of  labor  and 
from  their  standpoint,  certainly  not  without  rea.son.  The  injured 
person,  therefore,  has  a  right  to  claim  not  alone  a  compensation  for 
the  impairment  of  his  capacity  for  work  but  also  the  difficulty  which 
he  encounters  in  making  the  most  of  his  capacity.  Therefore,  in  esti- 
mating the  impairment  of  the  earning  ability,  we  have  always  and 
under  all  circumstances  to  consider  the  diminution  of  the  ability  to 
compete. 

"The  ability  to  compete  is  a  conception  resulting  from  a  combination 
of  heterogenic  elements  of  which  a  part  lies  in  the  individual  himself 
and  is  affected  by  the  condition  of  his  health,  his  knowledge,  etc., 
while  another  portion  is  beyond  his  control.  It  is  this  latter  element 
the  world  values  in  judging  the  ability  of  the  individual.  The  ability 
to  compete  in  the  labor  market,  the  possibility  of  finding  employment, 
is  fixed,  therefore,  by  the  physical  and  mental  ability  of  the  individual 
as  well  as  by  the  way  others  judge  of  it.  If  we  apply  this  reasoning 
to  the  organ  of  vision,  the  ability  to  compete  of  each  individual  will 
depend  firstly  upon  the  ability  of  the  visual  organ  and  secondly  upon 
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the  way  the  others  are  judging  its  condition ;  an  example  should  ren- 
der this  clear.  Supposing  someone  has  suffered  an  injury  to  one  eye 
and  seeks  employment,  his  chances  of  obtaining  the  desired  work  will 
depend  first,  upon  his  visual  powers  and  second,  upon  the  way  the 
employer  judges  them.  Tlie  employer  will  be  willing  to  give  or  re- 
fuse work  to  this  particular  individual  according  to  how  he  regards 
the  injuiy  of  the  eye  as  detrimental  for  the  performance  of  his  par- 
ticular work." 

[41]  Although  these  reasonings  on  the  ability  to  compete  are  true 
according  to  the  true  conception  of  the  earning  ability  of  the  body 
as  given  in  %  37;  nevertheless,  when  Magnus  undertakes  to  adjust  the 
competing  ability  in  his  formula  for  the  ocular  earning  ability  he 
adopts  a  purel}^  empirical  method,  for  he  says:  (Pages  47  and 
48,  V.E.) 

"If  we  would  indicate  that  the  employer  regards  a  certain  ocular 
impairment  as  an  important  diminishment  of  the  working  capacity 
we  would  take  a  smaller  exponent,  but  if  we  intend  to  show  that  an 
ocular  impairment  is  of  less  importance  to  the  employer,  we  would 
take  a  greater  one.  We,  therefore,  choose  for  all  slight  and  moderate 
visual  impairments  a  different  root  exponent  than  for  the  serious 
ones;  therefore,  for  the  slight  impairments  we  give  the  abilit}^  to 
compete  the  root  exponent  10,  but  if  the  impairment  of  central  vision 
is  serious,  i.  e.,  in  the  case  of  professions  with  higher  visual  demands 
if  it  falls  below  0.15  and  in  those  with  less  demands  below  0.05,  and 
instead  of  the  root  exponent  10  we  take  the  exponent  5  for  these 
professions  with  greater  visual  demands  and  the  exponent  7  for  those 
with  less.  The  same  is  to  be  done  in  the  case  of  the  complete  loss  of 
one  eye  or  in  the  case  of  the  loss  of  the  eyeball.  If  we  think  that  the 
aesthetic  differences  between  simple  blindness  of  the  scientific  stand- 
ard without  injurj^  to  the  looks  of  the  eye  and  the  loss  of  the  eyeball, 
or,  for  instance,  the  formation  of  a  bad  looking  eye,  as  leucoma  or 
staphyloma  are  greater,  we  may  give  expression  to  our  opinion  by 
choosing  a  great  root  exponent  for  the  ability  to  compete  in  the  case 
of  simple  blindness  without  deformity.  By  leaving  the  selection  of 
the  root  exponent  to  the  judgment  of  the  calculator,  sufficient  room  is 
given  for  the  individual  conception  of  each  ease ;  thus  our  formula 
adapts  itself  to  the  peculiarities  of  the  individual  case  and  to  the 
judgment  of  the  physician,  avoiding  thereby  a  rigid  form  and  doing 
justice  to  both  parties.  Therefore,  in  forming  a  special  estimation  of 
the  ability  to  compete  we  first  fix  the  amount  of  the  injury  to  the  act 
of  vision  in  each  case,  and  upon  this  depends  that  part  of  the  abilitj' 
to  compete  which  the  individual  furnishes  himself.     As  regards  the 
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second  part,  in  certain  cases  it  will  be  found  that  while  there  is  no 
or  but  little  actual  injury  to  the  visual  sense  itself,  yet  certain  in- 
juries to  the  eye  disturb  the  relations  of  the  individual  to  the  em- 
ployer."    (P.  47  and  48,  V.E.) 

[42]  To  show  to  what  extent  this  empirical  method  leads  Magnus, 
the  following  is  quoted:    (P.  48,  V.E.) 

Such  a  case  as  the  following  is  often  experienced  in  practice :  A 
man  has  his  cornea  burned  by  lime  which  leads  to  the  formation  of 
leucoma  and  diminishes  the  visual  acuity  of  that  eye  to  0.25  of  the 
normal,  the  other  eye  remaining  well.  Thus,  although  such  an  in- 
dividual is  not  optically  impaired  for  his  work  because  the  normal 
eye  allows  the  undisturbed  following  of  his  trade,  the  chances  of  his 
finding  work  have  became  less.  A  great  many  employers  would  hesi- 
tate to  take  into  their  service  a  man  with  a  bad  looking  eye,  who 
shows  so  plainly  the  effects  of  the  injury  or  who,  they  know,  can  see 
normally  only  with  one  eye;  in  spite  of  the  fact  that  in  such  a  case 
an  actual  impairment  has  not  taken  place  the  ability  to  compete  is 
certainly  diminished.  We  are  eonsequentl.y  in  the  peculiar  position 
of  estimating  an  ocular  impairment  of  the  ability  to  compete  when 
there  is  no  real  defect  of  working  vision.  Thus  we  think  we  can  meet 
these  difficult  conditions  in  the  best  manner  if  we  express  the  diminu- 
tion of  the  ability  to  compete  in  all  cases  by  the  arithmetical  propor- 
tion of  the  visual  acuity  of  both  eyes." 

[43]  The  reasonings  set  forth  in  quotations  from  P.  26,  27  and  28 
have  not  been  followed  in  quotations  from  P.  46,  47  and  48 ;  for  when 
it  is  stated  that  the  sight  of  one  eye  has  been  reduced  to  0.25  of  nor- 
mal, from  a  scar  of  the  cornea,  due  to  a  burn  from  lime,  certainly  tlio 
functions  of  one  eye  have  been  damaged  to  that  extent. 

If,  with  the  other  eye  remaining  normal,  the  loss  in  the  func- 
tions of  one  eye  does  not  damage  the  functional  ability  of  that  person  in 
the  vocation  followed,  then  we  contend  that  such  a  person  has  not 
sustained  a  loss  that  can  be  given  a  mathematical  expression.  If,  not- 
withstanding this,  there  was  a  damage  to  the  competing  ability  of  that 
person,  as  alleged,  then  such  a  damage  should  be  estimated  ^  34.  Any 
attempt  to  solve  the  problem  in  this  way  is  contrary  to  the  true  con- 
ception of  the  earning  ability  of  the  body,  and  therefore,  to  the  laws 
of  mathematics.  It  comes  about  on  the  assumption  of  ^lagnus  that  the 
functional  ability  of  the  eyes  is  the  whole  functional  ability  of  the 
body,  and  the  necessity  by  virtue  of  this  false  assumption  of  obtaining 
the  coefficient  of  the  functional  ability  of  the  eyes  by  one  method  and 
the  coefficient  of  the  competing  ability  of  the  eyes  by  another  method, 
thereby  leading  to  the  absurd  position  that  there  has  been  no  damage 
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to  the  functional  ability  of  the  eyes,  for  Magnus  says:  "We  are  con- 
sequently in  the  peculiar  position  of  estimating  an  ocular  impairment 
of  the  ability  to  compete  when  there  is  no  defect  of  working  vision." 
Magnus  set  his  extraordinary  reasoning  powers  to  work  to  extricate 
himself  from  this  position,  and  doing  so,  his  logic  led  him  into  a 
graver  one  of  solving  this  problem  with  but  one  factor, — that  of  the 
damaged  factor  of  the  competing  ability  alone,  thereby  causing  him 
to  transgress  an  indisputable  law  of  mathematics,  namelj^,  that  it  is 
always  necessary  to  have  at  least  two  factors  to  solve  any  problem. 

[44]  A  reference  to  the  analysis  of  the  body  as  represented  in 
the  chart  %  12,  shows  that  the  coefficient  of  F,  the  functional  ability  of 
the  body,  depends  upon  the  condition  of  its  twelve  factors.  The 
coefficient  of  C,  the  competing  ability,  depends,  physically,  upon  the 
functions  of  the  same  identical  structures,  for  without  them  there 
would  be  no  competing  ability  51  9 ;  hence,  its  primary  coefficient  must 
be  the  same  ^  17. 

[45]  If  after  an  injury  we  do  not  find  any  loss  to  the  functions 
of  the  body  according  to  scientific  and  economic  standards  of  measure- 
ment, then  there  cannot  be  a  loss  to  the  competing  ability  that  can  be 
given  a  mathematical  expression  5[  34  for  we  would  have  but  one  factor. 
If  we  attempt  to  solve  a  problem  with  one  factor  alone,  whatever  we 
do  with  it  or  to  it,  we  then  and  there  abandon  a  mathematical  basis 
for  an  empirical  basis  for  solving  it. 

[46]  On  page  54  (V.E.)  Magnus  gives  an  example  2,  in  which  the 
vision  of  one  eye  is  reduced  to  0.4  and  in  the  other  to  0.3  of  normal 
by  an  injury,  which  when  stated  in  the  formula,  according  to  the 
economic  value  of  the  vision,  is  as  follows:  '(¥  and  K  are  inserted 
in  the  formula  to  indicate  what  constitutes  the  coefficient  of  each). 

(1)  E  =  C   .41    (max)    VFa/mTfTJ^^  -41  +  0.25  ^^.^ 

(K),  Hence 

(2)  E  =  C. 41x1x1   (F)    v^33xlxl   (K),  Hence 


(3)  E  =  .41F  X  v^.33K,  Hence 

(4)  E  =  .41F  X  .806K,  Hence  E  =  .3304,  and  the  loss  is  .6696,  or 

66.96%. 

Just  notice  that  the  loss  to  F,  the  functional  ability,  is  .59  (ob- 
tained by  subtracting  .41  from  1.)  for  the  loss  of  vision  in  one  eye 
to  0.4.  Just  notice,  too,  that  by  arithmetical  proportion  the  damage 
to  K,  the  competing  ability,  is  .67  (obtained  by  subtracting  .33  from 
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1.),  it  being  .08  greater,  and  obtained  in  an  entirely  different  way 
from  that  of  F,  the  functional  ability. 

[47]  Let  us  show  the  absurdity  of  solving  this  example  (2)  by 
this  method,  by  ]\Iagnus  himself  in  establishing  a  standard  for  the 
economic  loss  to  a  person  for  the  loss  of  the  entire  sight  of  one  eye 
as  follows:  (P.  88  Y.E.,  F  and  K  being  inserted  in  the  formula  to 
indicate  what  constitutes  the  coefficient  of  each). 

(1)     E  =  IC  V-|P  </iE  (F)  ^/'-^  VP  ^Pi  (K), 


(2) 


Hence 

E  =  1C  Vm^</E6i^l  (F)  ^l^^g-^  ^^^1^  (K), 
Hence 

(3)  E  =  .913  X  .904   (F)  x  \/.4127'  (K),  Hence 

(4)  E  =  .825F  X  .838K,  Hence  E  =  .6914,  and  the  loss  is  .3086  or 

30.86%  for  the  loss  of  the  entire  sight  of  one  eye. 

From  this  computation  Magnus'  conclusions  are  as  follows:  "Ap- 
proximately we  may  say  that  a  one-eyed  person  has  lost  30%  of  his 
earning  ability  for  the  first  year  after  the  accident,  and  20%  after- 
wards for  higher  class  of  trades,  and  for  the  lower  class  the  propor- 
tion would  be  27%  for  the  first  year,  and  18%  thereafter." 

[48]  Just  notice  that  the  loss  to  (4)  in  F  is  .175  (obtained  by 
subtracting  .825  from  1.)  for  the  loss  of  the  entire  sight  of  one  eye, 
while  in  the  previous  ^46,  the  loss  in  (4)  to  F  is  .59,  for  the  loss  of 
the  sight  of  one  eye  to  0.4.  Could  there  be  anji:hing  more  absurd 
than  in  using  a  method  which  would  give  the  loss  to  F,  the  functional 
ability,  of  .59  for  the  loss  of  the  sight  in  one  eye  to  0.4,  and  in  an- 
other case  give  the  loss  to  F,  the  functional  ability,  of  .175  for  the 
loss  of  the  entire  sight  of  one  eye?  It  simply  comes  about  from 
"building  up  a  formula  for  the  act  of  seeing  in  relation  to  earning" 
on  the  assumption  that  the  functional  ability  of  the  eyes  is  syn- 
onymous with  the  functional  ability  of  the  body,  and. by  virtue  of 
this  assumption  of  employing  the  remaining  functional  ability  of  tlie 
eyes  as  the  remaining  functional  ability  of  the  body  and  obtaining  the 
damaged  status  of  the  competing  ability  by  another  entirely  different 
method,  and  then  putting  the  different  values  of  the  functional  ability 
and  of  the  competing  ability  under  a  radical  sign  with  different  in- 
dices to  increase  these  values  according  to  the  conception  of  the 
originator  of  this  method,   which  of  course   is  done  purely   on  an 
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empirical  basis,  and  therefore  makes  Magnus'  method,  which  he  em- 
ploA^s  in  Visual  Economics,  an  empirical  method. 

[49]      The  Bnrean  of  Pensions  of  the  United  States  gives  for  the 

loss  of  the  sight  of  one  eye $  12.00  per  montli 

on  a  basis  of  total  disability  of 100.00  per  month 

but  previous  to  1905,  it  was  on  a  basis  of 72.00  per  month 

for  total  disability,  making  it  really  a  rate  of 16.66+% 

compensation  instead  of  as  it  still  remains  a  rate  of  12% 

for  the  loss  of  both  eyes  is  now 100.00  per  month 

for  the  loss  of  an  eye  by  its  removal 17.00  per  month 

was  given  when  for  the  loss  of  both  eyes 72.00  per  month 

was  given. 

If  $17.00   be   increased   in   the   same   ratio   as   the 

loss  for  both  eyes,  na^mely,  from  .+72.00  to  .1^100.00 

per  month  it  should  be  now $  23.60  per  month 

giving  a  loss  on  total  disability  of  which  it  is  an 

integral  part  of 23.60% 

[50]  No  pension  is  given  for  a  partial  loss  of  sight,  or  for  the 
partial  or  complete  loss  of  the  field  of  vision  or  the  muscular  functions 
of  the  eyes,  notwithstanding  a  pension  is  given  for  the  partial  or  com- 
plete deafness  of  one  or  both  ears  under  the  designation  of  slight, 
severe,  nearly  total  and  total  deafness. 

[51]  The  instructions  to  examining  surgeons  say  that  "the  sur- 
geon should  differentiate  between  the  loss  of  sight  of  an  eye  and  the 
actual  loss  of  an  eyeball."  In  "the  loss  of  sight  of  an  eye"  and  in 
"the  actual  loss  of  an  eyeball,"  the  loss  to  the  functional  ability  of 
the  eyes,  and  through  them,  to  the  functional  aliility  of  the  body,  is 
the  same.  The  only  way  then  that  it  can  be  explained  intelligently, 
and  therefore  correctly,  why  a  pension  of  $12  per  month  is  given 
for  "the  loss  of  the  sight  of  an  eye,"  and  $17  per  month  for  "the 
actual  loss  of  an  eyeball,"  is  that  the  latter  causes  more  damage  to 
the  competing  ability  of  a  person  than  the  former,  because  employers 
can  detect  "the  actual  loss  of  an  eyeball,"  whereas  they  would  not 
be  so  likely  to  detect  "the  loss  of  sight  of  an  eye,"  especially  when 
the  eye  presented  a  good  appearance.  Therefore,  the  difference  be- 
tween the  pensions  given  is  readily  explained  in  the  damage  "the 
actual  loss  of  an  eyeball"  causes  to  the  competing  ability  of  a  person, 
and  shows  conclusively  that  the  compensation  problem  can  only  be 
solved  correctly  by  determining  the  loss  to  the  earning  ability  of  the 
body  through  its  two  indispensable  factors,  namely,  the  functional 
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ability  of  the  body,  and  the  competing  ability  of  the  person,  as  has 
been  conclusiveh-  proven  in  the  preceding  parts  hereof. 

[52]  In  a  recent  paper  by  Col.  C.  W.  Belton,  Medical  Advisor  of 
the  Board  of  Pension  Commissioners  for  Canada,  after  considering 
all  the  methods  available,  he  says: 

"As  far  as  could  be  learned  there  was  no  basic  principle  from  which 
might  be  deduced,  in  manner  more  or  less  logical,  an  award  for  any 
given  damage.  Yet  it  was  fairly  apparent  that  the  effect  of  the 
damage  on  earning  power  was  in  some  way  concerned  with  tiie 
assessment. ' ' 

In  reference  to  his  own  Government  he  says : 

"Although  the  present  Regulations  make  no  reference  to  earning 
power  there  is  no  reason  to  believe  that  this  has  been  set  aside.  In 
fact  certain  clauses  may  be  taken  to  confirm  it.  These  clauses  are 
important  in  other  respects  as  well  and  slioidd  l)e  carefully  con- 
sidered." 

[53]  The  California  "Schedule  for  Rating  Permanent  Disabil- 
ities," is  an  empirical  method,  pure  but  not  simple.  It  is  a  written 
statement  or  an  inventory  for  rating  permanent  disabilities,  and  there- 
fore makes  no  pretensions  to  employ  the  natural  science  method  to 
determine  the  loss  to  the  earning  ability  of  a  person  from  damages 
to  the  functions  of  the  body  from  injury  or  disease,  upon  which  loss 
a  compensation  must  always  be  based  if  it  is  to  be  determined  by 
means  of  mathematics  in  the  same  manner  as  the  value  of  any  physical 
force,  or  any  commodity,  is  ascertained  in  the  whole  wide  range  of 
the  science  of  numbers  and  the  art  of  computation. 

[54]  The  California  Schedule  is  made  up  of  thirty  tables, 
four  of  which  must  be  employed  to  rate  any  case,  namely,  of  so-called 
entries  of  69:3  or  under.  For  entries  of  70:0  and  over,  the  Pension 
Table  must  also  be  used.     They  are  as  follows: 

Table  I,  gives  (1)  the  disability  number.  (2)  designates  the  dis- 
ability, and  (3)  the  line  number. 

Table  II,  First  division  gives  (1)  the  occupation,  (2)  tlie  industry 
and  (3)   the  form  number. 

Table  11,  Second  division,  with  the  disability  ninnbiM-  and  the  form 
number  it  is  readilv  determined  which  one  of 

Table  ITT,  composed  of  "Rating  Tables  A  to  Q  is  to  be  employed. 
With  the  line  number  and  the  age  of  the  injured,  a  rating  is  obtamed 
which  is  called  "the  entry."  This  is  comi)osed  of  a  number,  two  .lots 
and  another  ninnber  or  O. 
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[55j  For  "the  entry''  of  69:3,  or  under,  the  number  to  the  left 
of  the  dots  is  multiplied  by  4  and  the  number  to  the  right  of  the  dots 
is  added.  The  result  thus  obtained  is  the  number  of  weeks  the  com- 
pensation, which  is  65%  of  the  weekly  wag'es,  is  to  be  paid  to  the 
injured. 

[56]  "For  entries  of  70:0  and  over,"  the  compensation  in  all 
eases  includes  two  items,  a  fixed  item  and  a  variable  one. 

(a)  Fixed  item.  The  fixed  item  is  the  duration  for  240  weeks 
following  the  fifteenth  day  after  injury  of  payment  of  65%  of  wages. 
These  payments  are  made  on  behalf  of  the  injured  person's  family. 

(b)  Variable  item.  The  variable  item  is  a  life  pension  of  a  certain 
percentage  of  the  injured  person's  former  wage.  Such  pension  begins 
at  the  end  of  240  weeks  and  continues  throughout  the  remainder  of 
the  injured  person's  life.  The  pension  is  paid  for  the  support  of  the 
injured  man  himself.  In  order  to  determine  the  percentage  of  wages 
to  be  paid  as  a  pension  under  the  variable  item  the  following  table 
is  given  for  all  entries  from  70 :0  to  100  :0,  namely  the 

Pension  Table,  which  for  "the  entry"  of  70:0  gives  10%  of  the 
wages  and  for  "the  entry"  of  100:0  gives  40%  of  the  wages. 

[57]     Under  the  heading  "How  to  Use  the  Tables  for  Eating  Per- 
manent Disabilities"  the  injunction  is:  "observe  the  following  rules: 
"I.     As  soon  as  possible  determine  accurately  the  following  items: 

"  (1)   The  nature  of  the  physical  injury  or  disfigurement. 

"(2)   The  occupation  of  the  injured  person. 

"  (3)   The  age  of  the  injured  person. 

"(4)  The  average  weekly  wages  of  the  injured  person." 
[58]  The  first  item  (1)  reveals  the  conception  of  the  author  of 
this  schedule  for  it  has  reference  to  the  twenty-one  groups  that  start 
with  the  skull  and  end  with  the  toes,  which  are  numbered  in  Roman 
numerals;  while  under  each  group  the  various  degrees  of  disability 
are  designated  by  Arabic  numerals,  and  the  two  together  constitute 
the  "disability  number."  The  conception  thus  revealed  is  that  of 
an  anatomical  and  pathological  one  for  ascertaining  a  disability  upon 
which  to  base  a  compensation,  for  it  has  no  reference  to  the  functions 
of  the  different  systems  and  organs  of  the  body  upon  which  the  status 
of  the  earning  ability  depends,  and  upon  the  loss  of  which  compensa- 
tions must  always  be  based  if  they  are  to  be  determined  by  the  natural 
science  method, — the  only  method  known  to  mathematicians  by  which 
the  status  of  any  physical  force  or  any  commoditj'  can  be  determined. 
[59]  Under  group  "II,  the  Eye,"  thirteen  examples  are  given.  It 
is  stated  in  the  notes,  however,  that  the  disabilities  given  are  not  in- 
tended to  be  complete.    When  an  injury  consists  of  a  combination  of 


VISUAL  ECONOMICS 


13621 


losses,  or  a  disability  not  enumerated,  the  case  must  be  referred  to 
the  commission  for  rating. 

[60]  "Remediable  injuries  will  not  be  considered  permanent  until 
all  adequate  and  reasonable  operations  and  treatment  known  to  med- 
ical science  have  been  used  to  correct  the  results,  (of  the  injury  or 
disease,  it  is  presumed  is  meant)  "The  law  allows  unlimited  medical 
cost  to  meet  this  case,"  and  it  is  added,  "it  is  better  to  correct  the 
trouble  than  to  continue  payments  for  permanent  disability  due  to 
lack  of  attempts  at  correction. ' '  It  is  noteworthy  that  by  this  schedule 
65%  of  the  weekly  Avages  is  taken  in  every  case,  and  the  compensation 
cannot  exceed  .$20.83,  nor  be  less  than  $4.17,  per  week  for  any  person, 
no  matter  how  much  that  person  may  earn. 

[61]  We  will  now  consider  the  thirteen  examples  for  the  purpose 
of  showing  how  the  values  are  arrived  at  from  the  schedule  and  to 
more  fully  illustrate  the  conception  which  led  to  the  production  of 
this  extraordinary  "Schedule  for  Rating  Permanent  Disabilities." 

[62]     Table  I.     Nature  of  Disability 

11.     The  Eye 
Disability  Line 

Number 

II — 1.     Complete  loss  of  both  eyes 64" 

II — 2.     Complete  loss  of  the  sight  of  both  eyes 64" 

It  is  reasonable  to  assume  that  in  example  1,  both  eyes  have  been 
removed,  and  in  example  2,  there  is  no  perception  of  light  from  either 
eye.  A  correct  statement  from  the  records  of  a  proper  examination 
would  eliminate  any  doubt  about  what  was  meant.  On  the  assump- 
tion that  in  each  case  the  injured  person  is  31  years  of  age,  and  was 
earning  $30  a  week,  the  examples  are  worked  out  as  follows: 


By  the  California  Schedule 

Table  II.     Occupation        Form  No. 

IstDiv.       Bookkeeper  25 

Table  II.  Form  No.  25  and  Disability 
No.  II— 1  and  2, 

2nd  Div.  give  Table  A. 

Table  A,  with  line  No.  64  and  age  31, 
gives  entry  No.  100:0.  The  fixed 
item  (a)  is  65%  of  S30  =  $19.50  for 
240  weeks,  or  $4,680. 

The  variable  item  (b)  is  found  by 
considering  the  Pension  Table,  and 
for  an  entry  of  100:0.  is  found  to  be 
40%  of  the  wages.  Therefore,  40% 
of  $30,  or  $12,  is  to  be  paid  as  a  pen- 
sion to  each  of  these  blind  persons,  for 
the  rest  of  their  lives. 


By  the  Natural  Science  Method 

An  extract  from  the  Medical  Exam- 
iner's report  reads  as  follows: 
Example  1 

R.  E.     Removed. 

L.  E.     Removed. 
Example  2. 

0  200; 


No.   Fd:   .Mf.   not 


0  200;    No.    Fd;   Mf.   not 


R.   E      V 
stated. 

L.   E.     V 

stated. 

"Loss  to  F  =  . 36 

Damage  to  C  =  Total 

Hence,  by  Tables  3  and  4,  the  los.^  to 
E,  the  earning  ability  of  each  bookkeeper 
is  100%.  Therefore,  each  blind  book- 
keeper should  be  paid  $30  a  week,  or  a.s 
much  of  it  as  is  provided  in  the  I:nv  of 
the  .state  for  such  a  total  (lisnl)ility. 
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[63]     Table  I. 

Disability 
Number 

."II — 3.     Complete  loss  of  one  eye 

(Occupation,  Bookkeeper; 

By  the  California  Schedule 

Table  II.     Occupation        Form  No. 

1st.  Div.      Bookkeeper  25 

Table  II.  Form  No.  25  and  Disability 
No.  II— 3, 

2nd.  Div.  give  Table  F. 

Table  F,  with  line  No.  26  and  age  31, 
gives  entry  No.  35:0  =  140  weeks. 
Therefore/ 65%  of  $30,  or  $19.50, 
should  be  paid  the  bookkeeper  for 
140  weeks,  making  a  total  amount  of 
$2,730  for  the  complete  loss  of  one  eye. 


Line 


.26" 


Age  31;  Wages  $30  a  week.) 

By  the  Natural  Science  Method 

An  extract  from  the  Medical  Exam- 
iner's report  reads  as  follows: 
R.  E.     Normal 
L.  E.     Removed 
"Loss  to  F  =  .  18 
Damage  to  C  =  Severe  4°.  " 

Hence,  by  Tables  3  and  4,  the  loss  to 
E,  the  earning  al)iUtv  of  the  bookkeeper, 
is  54.8%  of  $30,  or"  $16.44,  which  is  to 
be  paid  to  him  the  number  of  weeks  pro- 
vided in  the  law  of  the  State.  To  pay 
the  same  amount  given  by  the  California 
Schedule,  namely,  $2,730,  it  would  have 
to  be  paid  for  166.05  weeks. 


[64]      Table  I. 

Disability  Line 

Number 

"II — 4.     Complete  loss  of  the  sight  of  one  eye' 21 " 

(Occupation,  Bookkeeper;  Age  31;  Wages  $30  a  week.) 

By  the  Natural  Science  Method 

(^42-3) 
An  extract   from  the  Medical  Exam- 
iner's report  reads  as  follows: 
R.  E.     Normal 

L.  E.     V.  0-200;  No.  Fd.;Mf.N. 
"Loss  to  F  =  .  18 
Damage  to  C  =  Severe  3^." 
Hence,  by  Tables  3  and  4,  the  loss  to 
E,  the  earning  al:)iHty  of  the  bookkeeper, 
is  44.87%  of  $30,  or  $13.46.     To  pay 
the   same   amount   given   by   the   Cali- 
fornia schedule  it  would  have  to  be  paid 
for  173.84  weeks. 

•Without  the  records  of  an  exact  test  of  the  vision,  the  statement  "complete  loss 
of  the  sight  of  one  eye"  could  be  taken  as  economic  blindness  instead  of  what  is 
probal)ly  meant  scientific  blindness,  that  is,  absolut-e  blindness. 


By  the  California  Schedule 

Table  II.     Occupation      Form  No. 

1st  Div.       Bookkeeper  25 

Table  II.  Form  No.  25  and  Disabihty 
No.  II— 4, 

2nd  Div.  give  Table  F. 

Table  F,  with  line  21  and  age  31,  gives 
entry  No.  30:0  =  120  weeks.  There- 
fore, 65%,  of  $30,  or  $19.50,  should  be 
paid  the  bookkeeper  for  120  weeks, 
making  a  total  amount  of  $2,340. 


[65]      Tlie  nine  remaining  example.s  are  as  follows: 

Line 
II —  5.  Complete  loss  of  the  sight  of  one  eye,  plus  such  impairment  of  the 

sight  of  the  other  as  prevents  reading  or  writirg,  but  not  the  ability  to 
find  one's  way. 

Slight ■.  .  , 58 

Moderate 60 

Severe g2 

II —  6.  Loss  of  the  sight  of  one  eye,  leaving  no  scar  or  blemish  such  as  would 

afford  an  observer  evidence  of  such  loss 16 
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II —   7.  Permanent  impairment  of  the  vision  of  both  eyes,  to  the  extent  of 

rendering  them  useless  for  purposes  of  higher  visual  requiremonts   but 
not  for  finding  one's  wav  ' 

Slight ■; 57 

Moderate gg 

Severe g  j 

II —  8.  Such  a  permanent  impairment  of  the  vision  of  one  eve  as  renders  it 
useless  for  purposes  of  high  visual  requirement,  but  not  affecting  one's 
ability  to  find  one's  way,  the  other  eye  being  uninjured 6 

II —  9.  Hemorrhage  of  the  eye,  causing  defective  vision  at  times  only 6 

11 — 10.  Paralysis  of  the  muscles  of  both  eyes  by  reason  of  injury  to  the  sockets 
causing  double  vision '  41 

II — 11-  Paralysis  of  the  muscles  of  one  eye  by  reason  oif  injury  to  the  socket 
of  that  eye,  causing  immobility  and  double  vision 21 

II — 12.  Injury  to  the  eye-socket,  causing  immol)ility  of  the  eyeball  with  at- 
tending impairment  of  range  of  vision  only " ' 16 

II — 13.  Laceration  of  lachrymal  duct  causing  chronic  overflow  of  tears 0 

[66j  It  is  impo.ssible  for  anyone  to  determine  intelligently  the  loss 
to  the  functional  ability  of  the  eyes,  and  henee  the  loss  to  the  func- 
tional ability  of  the  body,  and  thereby  the  loss  to  the  earning  ability 
of  the  body,  through  the  damage  to  the  competing  ability  of  a  person 
without  a  carefully  made  and  recorded  examination  of  the  three  in- 
dispensable functions  of  the  eyes,  namely,  (1)  the  central  vision; 
(2)  the  field  of  vision,  and   (3)  the  muscular  functions. 

[67]  The  live  examples  from  5  to  9,  the  statement  as  to  the  lo.ss 
to  the  functional  ability  of  the  eye,  or  eyes,  has  reference  to  (1)  the 
central  vision,  alone,  and  the  statement  in  regard  to  this  condition  is 
not  according  to  any  scientitic  or  economic  standard  of  measurement, 
for  as  it  is  stated  there  is  doubt  about  just  what  degree  of  loss  of 
sight  is  meant. 

[68]  In  examples  10,  11  and  12,  the  statement  about  them  has 
reference  to  the  (3)  muscular  functions  of  the  eyes.  If  an  injury, 
or  disease,  causes  double  vision,  so  annoying  that  the  eye  has  to  be 
excluded,  the  loss  to  the  functional  ability  of  the  eyes  is  the  same  as 
the  lo.ss  of  the  functions  of  one  eye;  but  the  determination  of  the 
damage  to  the  competing  ability  and  through  it  the  loss  to  the  earning 
ability,  requires  an  exact  knowledge  of  (1)  the  central  vision  and 
(2)  the  field  vision  in  such  cases,  and  nothing  is  said  a])ont  either  of 
them  in  these  three  cases.  In  example  13,  "laceration  of  the  ladiry- 
nud  duct  causing  chronic  overflow  of  tears,"  nothing  is  said  about  the 
three  indispensable  functions  of  vision.  Jf  it  is  a.ssumcd  that  each  of 
these  functions  are  normal,  then  there  would  be  no  loss  to  tlie  func- 
tional ability  of  the  eye,  as  but  one  factor  of  the  earning  ability  would 
be  damaged,  namely,  the  competing  ability  of  the  person.  As  the 
law  allows  unlimited  cost  to  restore  the  functions  of  any  structure 
that  can  be  restored  by  treatment,  there  is  no  rea.son  why  "chronic 
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overflow  of  tears"  should  not  be  corrected  by  well-known  surgical 
procedures.  Excluding  the  first  four  examples,  the  description  of  the 
disability  is  so  meagre  in  the  other  nine  that  it  may  well  be  left  to 
the  reader  to  determine  for  himself  why  this  is  so  when  due  regard 
is  given  to  what  is  said  in  the  notes  under  Table  I,  namely,  that  ' '  when 
the  injury  consists  of  a  combination  of  losses,  or  a  disability  not 
enumerated,  the  case  must  be  referred  to  the  commission  for  rating." 
[69]  In  the  description  of  the  nature  of  the  disability  in  examples 
5  and  7,  each  end  with  the  words  "but  not  the  ability  to  find  one's 
way,"  which  would  indicate  that  the  disability  in  each  case  was  about 
the  same,  yet  three  dift'erent  lines  of  numbers  are  given  for  each  of  the 
disabilities,  which  are  designated  as  "slight,"  "moderate"  and 
"severe."  When  each  example  is  Avorked  out  according  to  the 
schedule,  the  result  is  as  follows : 

Wk.  C.  Wks.  Tl.  Comp.  Wk.  C.  Wks.  Tl.  Comp.  Wk.  C.  Wks.  Tl.  Comp 
Exam.  5.  .$19.50X297  =  $5791.50  $19.50X329  =  $6415.50  $19.50X364  =  $7098.00 
Exam.7..    19.50X278=   5421.00       19.-50X313=   6103.50       19.50X346=   6747.00 


Difference  19    $  370.50  16    $  312.00  18    $  351.00 

[70]  No  reason  is  given  why  65%  of  the  weekly  wages  is  taken 
as  a  compensation,  or  why  it  cannot  exceed  $20.83  or  be  less  than 
$4.17,  or  why  there  is  any  need  of  enumerating  1,107  different  occupa- 
tions when  so  many  of  them  are  so  nearly  identical  that  there  is  no 
sense  in  making  a  distinction  for  economic  purposes. 

[71]  In  Table  I,  in  giving  the  nature  of  the  disability  "the 
ability  to  compete"  is  mentioned  in  its  true  sense,  but  "the  ability 
to  compete"  is  not  mentioned  in  coiineetion  with  the  examples  given, 
by  which  the  application  of  the  schedule  is  made  to  illustrate  how  the 
compensation  is  obtained.  However,  a  way  to  obtain  the  damage  to 
the  competing  ability  to  a  certain  extent  is  incorporated  in  the  series 
of  tables  that  constitute  an  important  part  of  the  schedule  and  it  is 
to  the  credit  of  the  originator  of  this  schedule  that  "the  ability  to 
compete"  is  recognized  in  it,  for  this  factor  of  the  earning  ability  of 
a  person  is  foreign  to  most  empirical  methods. 

[72]  The  indisputable  fact  about  tlie  compensation  problem  is 
that  it  mu.st  be  solved  on  the  basis  of  the  loss  to  the  earning  ability 
of  a  person,  if  an  exact  mathomatical  determination  of  it  is  to  be 
made  according  to  the  natural  science  method  between  the  two  car- 
dinal points  of  no  loss  to  total  loss,  or  100%  loss  to  it.  Therefore,  the 
different  values  in  percentage  thus  determined  constitute  these  tables. 
They  are  all  embracing  and  yet  flexible  enough  to  meet  every  in- 
dividual loss  to  the  eaniiug  al)ility  of  a  person  that  can  possibly  occur 
from  injury  or  disease.    Hence,  tliey  sljould  be  accepted  by  tliose  who 
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approach  the  solution  of  this  subject  with  an  open  mind,  for  they  can 
just  as  readily  be  used  as  any  that  are  obtained  by  empirical  methods. 

[73]  If  the  three  degrees  of  loss  to  the  earning  ability  for  slight, 
severe,  nearly  total  and  total  loss  to  the  functional  ability  of  the  body 
for  the  partial  or  complete  loss  of  the  function  of  vision  do  not  seem 
equitable  to  the  medical  examiner,  he  of  course  can  select  any  one  of 
the  sixteen  different  degrees  of  loss  to  the  earning  ability  of  the  body 
found  in  Tables  3  and  4,  which  he  determines  to  be  more  equitable 
for  the  particular  case  in  hand. 

[74]  Should  he  determine  from  all  the  circumstances  of  a  case 
that  one  of  the  sixteen  degrees  of  loss  to  the  earning  ability  was  too 
small,  and  the  next  degree  was  too  much,  he  can  add  the  two  together 
thus:  For  the  loss  of  the  functions  of  one  eye: 

32.76  Se.  2°  +  44.87  Se.  3°  ==  77.63 -^  2  =  38.8iyo%  (half  way 
between  Se.  2°  and  Se.  3°). 

This  adding  of  contiguous  degrees  of  the  sixteen  degrees  in  Tables  3 
and  4  gives  32  degrees  from  which  to  select  a  percentage  of  loss  to 
the  earning  ability  of  the  body  for  any  given  loss  of  the  functions  of 
an  eye  or  the  eyes,  or  the  loss  of  the  functions  of  any  other  system 
or  organ  of  the  body  that  may  have  taken  place  at  the  same  time. 
If  it  is  desired  to  carry  this  process  further,  the  half-way  percentage 
may  be  added  to  the  contiguous  percentages  by  which  it  was  ascer- 
tained, and  thus  obtain  a  fourth  and  a  three- fourths  way  percentage 
of  loss  to  the  earning  ability  of  the  body,  as  follows : 

32.76  44.87 

38.811/2  38.811/2 

(1)        ^ (2)        

2)71.571/2  2)83.681/2 

35.783^%  41.841/4% 

Thus  (1)  is  one-fourth  the  way  between  Se.  2°  and  Se.  3°,  and  (2) 
is  three-fourths  of  the  way  between  these  two  degi-ees,  making  three 
different  degrees  in  percentage  between  Se.  2°  and  Se.  3°,  as  follows: 

32.76 ;  35.783^  ;  38.81i/o  ;  41.841/4  ;  44.87. 
This  can  be  done  with  any  two  of  the  sixteen  contiguous  degrees  of 
loss  to  the  earning  ability  in  Tables  3  and  4,  making  64  different 
degrees  between  two  fixed  points  of  slight  loss  and  nearly  total  loss 
to  the  earning  ability,  a  range  and  gradation  sufficient  to  meet  any 
loss  to  it  that  can  be  determined  by  the  most  exact  examination  with 
instruments  and  methods  of  precision,  standards  of  measurement,  and 
all  other  data  that  it  is  possible  for  any  number  of  medical  examiners 
to  carry  out  in  any  given  case.     These  procedures  are  permissible  if 
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it  is  determined  to  be  necessary  because  the  examiner  can  state  just 
how  he  arrived  at  the  percentage  of  loss  he  determined  upon  and  his 
reasons  for  so  doing.  Ever}-  step  of  the  whole  procedure  can  be  taken 
up  and  discussed  with  each  medical  examiner  whether  it  be  the  func- 

[75]     Computation  Table  No.  1  and  2 — Status  of  E,  the  Earning 
Bod}',  with  Its  Consequent  Damage  to  C,  the  Competing  Ability  of  the 


Computations  made  when  C  is  damaged  from  2  to  9  degrees  more  than  F. 


NEARLY  TOTAL 

SEVERE 

5° 

4° 

3° 

2° 

1° 

6° 

5° 

4° 

3° 

CioE  = 

C9E= 

C8E  = 

C7E  = 

C6E  = 

C5E  = 

C4E  = 

C3E  = 

C2E  = 

.8946 

.9037 

.9129 

.9222 

.9316 

.9411 

.9507 

.9604 

.9702 

.8002 

.8166 

.8333 

.8504 

.8678 

.8856 

.9037 

.9222 

.9411 

.7149 

.7371 

.7599 

.7835 

.8078 

.8328 

.8586 

.8852 

.9126 

.6379 

.6645 

.6922 

.7211 

.7512 

.7826 

.8153 

.8493 

.8847 

.5684 

.5984 

.6299 

.6631 

.6981 

.7349 

.7736 

.8144 

.8573 

.5060 

.5383 

.5727 

.6093 

.  6482 

.6896 

.7337 

.7806 

.8305 

.4541 

.4883 

.5201 

.  5593 

.6015 

,6468 

.6955 

.7479 

.8043 

.3949 

.4293 

.4667 

.  5073 

.5576 

.6061 

.6589 

.7163 

.7786 

.3359 

.3892 

.4277 

.4700 

.5165 

.5676 

.6238 

.6856 

.  7535 

.3134 

.3483 

.3871 

.4302 

.4781 

.5313 

.5904 

.6561 

.729 

.2772 

.3115 

.3500 

.  3933 

.4420 

.4967 

.5582 

.6273 

.7049 

.2447 

.2781 

.3161 

.3593 

.4084 

.  4642 

.  5276 

.5996 

.6814 

.2158 

.2481 

.2852 

.  3279 

.3770 

.4334 

.4982 

.  5727 

.6585 

.1862 

.2166 

.  2519 

.2990 

.3477 

.4044 

.4703 

.  5469 

.6360 

.1671 

.1966 

.2314 

.  2723 

.3204 

.377 

.4436 

.  5219 

.6141 

.1468 

.1748 

.2081 

.2478 

.295 

.3512 

.4181 

.4978 

.5927 

.1299 

.1566 

.1867 

.225 

.2712 

.3268 

.3938 

.4745 

.5717 

.1125 

.  1372 

.1674 

.2042 

.2491 

.3038 

.3706 

.  4520 

.5513 

.0983 

.1214 

.1499 

.1851 

.2286 

.2823 

.3486 

.4304 

.5314 

.0859 

.1072 

.134 

.1676 

.2096 

.2620 

.3276 

.4096 

.512 

.0746 

.0945 

.1197 

.  1516 

.1919 

.2430 

.3076 

.3894 

.4930 

.0648 

.0832 

.1067 

.1368 

.1755 

.2251 

.2886 

.3701 

.4745 

.0562 

.0731 

.095 

.  1234 

.1603 

.2083 

.2706 

.3515 

.  4565 

.0487 

.0641 

.0844 

.1111 

.1463 

.1925 

.2534 

.3335 

.4389 

.0421 

.0562 

.075 

.1000 

.1334 

.1779 

.2372 

.3163 

.4218 

.0363 

.0491 

.0664 

.0898 

.1214 

.1641 

.2218 

.2998 

.4052 

.0312 

.0428 

.0587 

.0805 

.1103 

.1512 

.2072 

.2839 

.3890 

.0268 

.0373 

.0519 

.0721 

.1002 

.1392 

.1934 

.2687 

.3732 

.023 

.0324 

.0457 

.0644 

.0908 

.1280 

.1804 

.2541 

.3579 

.0197 

.0282 

.0403 

.0576 

.0823 

.1176 

.168 

.2401 

.343 

.0167 

.0243 

.0353 

.0512 

.0743 

.1078 

.1563 

.2266 

.3285 

.0142 

.0210 

.031 

.0456 

.0671 

.0988 

.  1453 

.2137 

.3144 

.0121 

.0181 

.0271 

.0405 

.0605 

.0903 

.1349 

.  2014 

.3007 

.0102 

.0155 

.0236 

.0359 

.0544 

.0825 

.  1251 

.1896 

.2874 

.0086 

.0133 

.0206 

.0317 

.0489 

.0753 

.1159 

.1784 

.2746 

.0072 

.0114 

.0179 

.028 

.0439 

.0686 

.1073 

.1677 

.2621 

.0061 

.0097 

.0155 

.0247 

.0393 

.0624 

.0992 

.1575 

.2500 

.0051 

.0083 

.0134 

.0217 

.0351 

.0567 

.0915 

.1477 

.2383 

.0042 

.007 

.0115 

.019 

.0313 

.0514 

.0844 

.1384 

.2269 

.0036 

.006 

.01 

.0167 

.0279 

.0466 

.0777 

.1296 

.216 
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tions  of  one  organ  like  the  eye  that  is  involved  in  the  loss  to  the 
earning  ability  from  injury  or  disease,  or  whether  it  be  the  functions 
of  several  other  systems  and  organs  of  the  body  that  are  involved  in 
the  loss  from  the  same  injury  or  disease. 


Ability  of  the  Body  from  Loss  to  F,  the  Functional  Ability  of  the 
Body  in  Sixteen  Different  Degrees. 


Computations  made  when  C  is 

damaged  to  the  same  degree 

as  F  and  when  C  is 

damaged  to  6  different  degrees  less  than  F 

SEVERE 

SLIGHT 

Loss 

Status 

2° 

1° 

5° 

4° 

3° 

2° 

1° 

toF 

F&C 

C>E  = 

CV2E  = 

CV»  E  = 

CV  E  = 

CV»  E  = 

Cy^  E  = 

CV»''E  = 

.01 

.99X.99 

.9801 

.985 

.9865 

.9875 

.988 

.9885 

.989 

.02 

.98X.98 

.9604 

.9702 

.9731 

.9751 

.976 

.977 

.978 

.03 

.97X97 

.9409 

.9554 

.9593 

.9622 

.9641 

.9651 

.967 

.04 

.96X96 

.9216 

.9408 

.9465 

.9504 

.9523 

.9542 

.9561 

.05 

.95X95 

.9025 

.9262 

.9338 

.9376 

.9405 

.9424 

.9452 

.06 

.94X.94 

.8836 

.9118 

.9202 

.9259 

.9277 

.9315 

.9343 

.07 

.93X.93 

.8649 

.8965 

.9067 

.9132 

.9151 

.9197 

.9234 

.08 

.92X92 

.8464 

.8822 

.8942 

.9006 

.9043 

.9089 

.9126 

.09 

.91X91 

.8281 

.8681 

.8808 

.8881 

.8927 

.8972 

.9001 

.10 

.90X90 

.81 

.8541 

.8676 

.8766 

.8811 

.8865 

.8901 

.11 

.89X.89 

.7921 

.8392 

.8552 

.8641 

.8695 

.8748 

.8784 

.12 

.88X.88 

.7744 

.8254 

.843 

.8527 

.858 

.8641 

.8685 

.13 

.87X.87 

.7569 

.8108 

.8308 

.8404 

.8456 

.8526 

.8578 

.14 

.86X.86 

.7396 

.7972 

.8187 

.8290 

.8342 

.8419 

.8471 

.15 

.85X.85 

.7225 

.  7828 

.8058 

.8160 

.8228 

.8304 

.8347 

.16 

.84X.84 

.7056 

.7694 

.7929 

.8047 

.8114 

.819 

.8257 

.17 

.83X.83 

.6889 

.7561 

.7802 

.7885 

.7992 

.8075 

.8142 

.18 

.82X.82 

.6724 

.7429 

.7075 

.7806 

.788 

.797 

.8036 

.19 

.81X.81 

.6561 

.729 

.7549 

.7686 

.7759 

.7857 

.7929 

.20 

. SOX. 80 

.64 

.7152 

.7424 

.7568 

.7648 

.7752 

.7824 

.21 

.79X.79 

.6241 

.  7015 

.7299 

.  7449 

.7528 

.7639 

.7710 

.22 

.78X.78 

.6084 

.6887 

.7183 

.7332 

.7417 

.7527 

.  7605 

.23 

.77X.77 

.5929 

.6752 

.7060 

.7214 

.7299 

.7415 

.7499 

.24 

.76X.76 

.5776 

.6627 

.6938 

.7098 

.7189 

.7303 

.7394 

.25 

.75X.75 

.5625 

.6495 

.6817 

.6982 

.7072 

.7192 

.7282 

.26 

.74X.74 

.5476 

.6371 

.6697 

.6867 

.6963 

.7089 

.7178 

.27 

.73X.73 

.5329 

.6241 

.6577 

.6752 

.6847 

.6978 

.  7073 

.28 

.72X.72 

.5184 

.6112 

.6458 

.6638 

.6739 

.6868 

.  0969 

.29 

.71X71 

.5041 

.5985 

.6340 

.6517 

.  6624 

.6759 

•  ^§-?'^ 

.30 

.70X70 

.49 

.5859 

.6223 

.6405 

.6517 

.6650 

.6755 

.31 

.69X69 

.4761 

.5733 

.6099 

.6285 

.6403 

.6541 

.6679 

.32 

.68X68 

.4624 

.561 

.5984 

.6174 

.6296 

.6432 

.6541 

.33 

.67X67 

.4489 

.5487 

.5862 

.6056 

.6184 

.6324 

.6432 

.34 

.66X.66 

.4356 

.5365 

.  5748 

.5946 

.6078 

.6217 

.  6329 

.35 

.65X.65 

.4225 

.5239 

.  5629 

.5830 

.5967 

.611 

.622 

.36 

.64X.64 

.4096 

.512 

.5516 

.5721 

.5856 

.6003 

.6118 

.37 

.63X63 

.3969 

.4995 

.5399 

.5607 

.5745 

.  5896 

.601 

.38 

. 62  X . 62 

.3844 

.4879 

.5288 

.5499 

.  5635 

.  5790 

.  590S 

.39 

.61X.61 

.3721 

.4758 

.5172 

.5386 

.  5526 

.  5685 

.5801 

.40 

.60X.60 

.36 

.4644 

.5058 

.5280 

.5418 

.5580 

.5700 

1 

2   3 

4 
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[76]     Computation  Tables  No.  3  and  4 — Loss  to  E,  the  Earning 
Body  with  Its  Consequent  Damage  to  C,  the  Competing  Ability  of  the 

Computations  showing  the  loss  on  SI. 00  when  C  is  damaged  from  2  to  9  degrees 

more  than  F. 


NEARLY  TOTAL 

SEVERE 

5° 

4° 

3° 

2° 

1° 

6° 

5° 

4° 

3° 

Ci<'E  = 

C9E  = 

C8E  = 

C7E  = 

C6E  = 

05  E  = 

C4E  = 

03  E  = 

02  E  = 

en 

/o 

% 

% 

% 

% 

% 

% 

% 

% 

10.54 

9.61 

8.71 

7.78 

6.84 

5.89 

4.93 

3.96 

.  2.98 

19.98 

18.34 

16.67 

14.96 

13.22 

11.44 

9.63 

7.78 

5.85 

28.51 

26.29 

24.01 

21.65 

19.22 

16.72 

14.14 

11.48 

8.74 

36.21 

33.55 

30.78 

27.89 

24.88 

21.74 

18.47 

15.07 

11.53 

43.16 

40.16 

37.01 

33.69 

30.19 

26.51 

22.64 

18.56 

14.27 

49.40 

46.17 

42.73 

39.07 

35.18 

31.04 

26.63 

21.94 

16.95 

54.59 

51.17 

47.99 

44.07 

39.85 

35.32 

30.45 

25.21 

19.57 

60.51 

57.07 

53.33 

49.27 

44.24 

39.39 

34.11 

28.37 

22.14 

66.41 

61.08 

57.23 

53.00 

48.35 

43.24 

37.62 

31.44 

24.65 

68.66 

65.17 

61.29 

56.98 

52.19 

46.87 

40.96 

34.39 

27.10 

72.28 

68.85 

65.00 

60.67 

55.80 

50.33 

44.18 

37.27 

29.51 

75.53 

72.19 

68.39 

64.07 

59.16 

53.58 

47.24 

40.04 

31.86 

78.42 

75.19 

71.48 

67.21 

62.30 

56.66 

50.18 

42.73 

34.15 

81.38 

78.34 

74.81 

70.10 

65.23 

59.56 

52.97 

45.31 

36.40 

83.29 

80.34 

76.86 

72.77 

67.96 

62.30 

55.64 

47.81 

38.59 

85.32 

82.52 

79.19 

75.22 

70.50 

64.88 

58.19 

50.22 

40.73 

87.01 

84.34 

81.33 

77.50 

72.88 

67.32 

60.62 

52.55 

42.83 

88.75 

86.28 

83.26 

79.58 

75.09 

69.62 

62.94 

54.80 

44.87 

90.17 

87.86 

85.01 

81.49 

77.14 

71.77 

65.14 

56.96 

46.86 

91.41 

89.28 

86.60 

83.24 

79.04 

73.80 

67.24 

59.04 

48.80 

92.54 

90.55 

88.03 

84.84 

80.81 

75.70 

69.24 

61.06 

50.70 

93.52 

91.68 

89.33 

86.32 

82.45 

77.49 

71.14 

62.99 

52.55 

94.38 

92.69 

90.50 

87.66 

83.97 

79.17 

72.94 

64.85 

54.35 

95.13 

93.59 

91.56 

88.89 

85.37 

80.75 

74.66 

66.65 

56.11 

95.79 

94.38 

92.50 

90.00 

86.66 

82.21 

76.28 

68.37 

57.82 

96.37 

95.09 

93.36 

91.02 

87.86 

83.59 

77.82 

70.02 

59.48 

96.88 

95.72 

94.13 

91.95 

88.97 

84.88 

79.28 

71.61 

61.10 

97.32 

96.27 

94.81 

92.79 

89.98 

86.08 

80.66 

73.13 

62.68 

97.70 

96.76 

95.43 

93.56 

90.92 

87.20 

81.96 

74.59 

64.21 

98.03 

97.18 

95.97 

94.24 

91.77 

88.24 

83.20 

75.99 

65.70 

98.33 

97.57 

96.47 

94.88 

92.57 

89.22 

84.37 

77.34 

67.15 

98.58 

97.90 

96.90 

95.44 

93.29 

90.12 

85.47 

78.63 

68.56 

98.79 

98.19 

97.29 

95.95 

93.95 

90.97 

86.51 

79.86 

69.93 

98.98 

98.45 

97.64 

96.41 

94.56 

91.75 

87.49 

81.04 

71.26 

99.14 

98.67 

97.94 

96.83 

95.11 

92.47 

88.41 

82.16 

72.54 

99.28 

98.86 

98.21 

97.20 

95.61 

93.14 

89.27 

83.21 

73.79 

99.39 

99.03 

98.45 

97.53 

96.07 

93.76 

90.  OS 

84.25 

75.00 

99.49 

99.17 

98 .  60 

07.83 

90.49 

94.33 

90.85 

85.23 

76.17 

99.58 

99.30 

98.85 

98.10 

96.87 

94.86 

91.56 

86.16 

77.31 

99.64 

99.40 

99.00 

98.33 

97.21 

95.34 

92.23 

87.04 

78.40 
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Ability  of  the  Body  from  Loss  to  F,  the  Functional  Ability  of  the 
Body,  in  Sixteen  Different  Degrees. 


Computations  showing  the  loss  on  $1.00  wheji  C  is  damaged  to  the  same  degree  as 
F  and  when  C  is  damaged  to  G  different  degrees  less    than  F. 


SEVERE 

SLIGHT 

Loss  Status 

2° 

1° 

5° 

4° 

3° 

2° 

1° 

toF 

F&C 

CiE  = 

Ci/2  E  = 

CV3E  = 

CV  E  = 

CV5E  = 

Ci/^E  = 

Ci/"'E  = 

% 

% 

% 

/o 

0/ 

/o 

% 

% 

.01 

.99X.99 

1.99 

1.50 

1.35 

1.25 

1.20 

1.15 

1.10 

.02 

.98X.98 

3.96 

2.98 

2.69 

2.49 

2.40 

2.30 

2.20 

.03 

.97X.97 

5.91 

4.46 

4.07 

3.78 

3.59 

3.49 

3.30 

.04 

.96X.96 

7.84 

5.92 

5.35 

4.96 

4.77 

4.58 

4.39 

.05 

.95X.95 

9.75 

7.38 

6.62 

6.24 

5.95 

5.76 

5.48 

.06 

.94X.94 

11.64 

8.82 

7.98 

7.41 

7.23 

6.85 

6.57 

.07 

.93X.93 

13.51 

10.35 

9.33 

8.68 

8.49 

8.03 

7.66 

.08 

.92X.92 

15.36 

11.78 

10.58 

9.94 

9.57 

9.11 

8.74 

.09 

.91X.91 

17.19 

13.19 

11.92 

11.19 

10.73 

10.28 

9.99 

.10 

.90X90 

19.00 

14.59 

13.24 

12.34 

11.89 

11.35 

10.99 

.11 

.89X.89 

20.79 

16.08 

14.48 

13.59 

13.05 

12.52 

12.16 

.12 

.88X.88 

22.56 

17.46 

15.70 

14.73 

14.20 

13.59 

13.15 

.13 

.87X.87 

24.31 

18.92 

16.92 

15.96 

15.44 

14.74 

14.22 

•  H 

.86X.86 

26.04 

20.28 

18.13 

17.10 

16.58 

15.81 

15.29 

.15 

.85X.85 

27.75 

21.72 

19.42 

18.40 

17.72 

16.96 

16.53 

.16 

.84X.84 

29.44 

23.06 

20.74 

19.53 

18.86 

18.10 

17.43 

.17 

.83X.83 

31.11 

24.39 

21.98 

21.15 

20.08 

19.25 

18.58 

.18 

.82X.82 

32.76 

25.71 

23.25 

21.94 

21.20 

20.30 

19.64 

.19 

.81X.81 

34.39 

27.10 

24.51 

23.14 

22.41 

21.43 

20.71 

.20 

.80X.80 

36.00 

28.48 

25.76 

24.32 

23.52 

22.48 

21.76 

.21 

.79X.79 

37.59 

29.85 

27.01 

25.51 

24.72 

23.61 

22.90 

.22 

.78X.78 

39.16 

31.13 

28.17 

26.68 

25.83 

24.73 

23.95 

.23 

.77X.77 

40.71 

32.48 

29.40 

27.86 

27.01 

25.85 

25.01 

.24 

.76X.76 

•    42.24 

33.73 

30.62 

29.02 

28.11 

26.97 

26.06 

.25 

.75X.75 

43.75 

35.05 

31.83 

30.18 

29.28 

28.08 

27.18 

.26 

.74X.74 

45.24 

36.29 

33.03 

31.33 

30.37 

29.11 

28.22 

.27 

.73X.73 

46.71 

37.59 

34.23 

32.48 

31.53 

30.22 

29.27 

.28 

.72X.72 

48.16 

38.88 

35.42 

33.62 

32.61 

31.32 

30.31 

.29 

.71X.71 

49.59 

40.15 

36.60 

34.83 

33.76 

32.41 

31.35 

.30 

.70X.70 

51.00 

41.41 

37.77 

35.95 

34.83 

33.50 

32.45 

.31 

.69X.69 

52.39 

42.67 

39.01 

37.15 

35.97 

34.59 

33.49 

.32 

.68X.68 

53.76 

43.90 

40.16 

38.26 

37.04 

35.68 

34.59 

.33 

.67X.67 

55.11 

45.13 

41.38 

39.44 

38.16 

36.76 

35.68 

.34 

.66X.66 

56.44 

46.35 

42.52 

40.54 

39.22 

37.83 

36.71 

.35 

.65X.65 

57.75 

47.61 

43.71 

41.70 

40.33 

38.90 

37.80 

.36 

.64X.64 

59.04 

48.80 

44.84 

42.79 

41.44 

39.97 

38.82 

.37 

.63X.63 

60.31 

50.05 

46.01 

43.93 

42.55 

41.04 

39.90 

.38 

.62X.62 

61.56 

51.21 

47.12 

45.01 

43.65 

42.10 

40 .  92 

.39 

.61X.61 

62.79 

52.42 

48.28 

46.14 

44.74 

43.15 

41.99 

.40 

.60X.60 

64.00 

53.56 

49.42 

47.20 

45.82 

44.20 

43.00 
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[77j  Table  No.  5 — Standard  of  ^Measurement  for  Determining 
the  Loss  to  F,  the  Functional  Ability  of  the  Body,  for  the  Partial  or 
Complete  Loss  in  the  Functions  of  the  Joints  of  the  Body  from  Anky- 
losis; for  the  Loss  of  the  Functions  of  the  Muscles  from  any  Cause; 
and  for  the  Loss  of  the  Functions  of  the  Parts  of  the  Body  from  Am- 
putation. 


Loss  to  F  (a)  from  Ankylosis  of  the 


Fingers 

Little 0.01 

Ring 0 .  02 

Middle 0 .  02 

Index 0.02 

Thumb 0 .  03 

Wrist 0.10 

Elbow 0.15 

Shoulder 0. 15 


Toes 

Little 0.005 

Fourth 0 .  005 

Middle 0.005 

Second 0.005 

Big 0.01 

Ankle 0.10 

Knee 0. 15 

Hip 0.15 


Loss  to  F  (a)  from 
Fingers 

Little 0.01 

Ring 0.02 

Middle 0.03 

Index 0 .  04 

Thumb 0 .  05 

Hand 0.20 

Forearm 0 .  25 

Arm 0 .  30 


Amputation  of  the 
Toes 

Little 0 .  005 

Fourth 0.005 

Middle 0.01 

Second 0.01 

Big 0.02 


Foot.. 
Leg... 
Thigh. 


.0.20 
.0.25 
.0.30 


[78]  Eye  Table  No.  1,  Part  1,  partial  or  complete  loss  of  vision 
in  one  eye  gives  the  standard  of  measurement  for  the  loss  of  vision 
(V)  in  one  eye  for  a  slight,  a  severe,  a  nearly  total  and  a  total  loss 
of  vision,  designated  b}^  proper  and  decimal  fractions,  according  to 
the  scientific  standard  of  measurement  of  Snellen,  giving  the  average 
loss  to  F,  the  functional  abilit}-  of  the  bod}'^,  in  each  one  of  the  four 
degrees  of  its  loss,  in  one  column,  which  constitutes  the  key  to  Tables 
3  and  4,  by  which  the  sixteen  different  computations  may  be  readily 
found  and  from  which  may  be  selected  a  minimum,  a  medium  and 
a  maximum  percentage  of  loss  to  the  earning  ability  as  determined 
upon  from  all  the  circumstances  of  each  individual  case.  Then  the 
loss  to  F,  and  C,  tlie  competing  ability  of  the  body,  is  given,  which 
constitutes  the  loss  to  E,  the  earning  ability  of  the  body,  which  is 
also  given  for  the  purpose  of  illustrating  the  loss  in  a  minimum  %, 
a  medium  %,  and  a  maximum  %  of  loss  to  it,  and  designated  by 
the  character  of  the  loss  and  a  figure  with  the  sign  of  degree  indicat- 
ing the  degree  of  loss  and  the  column  from  whence  it  was  taken  out 
of  the  sixteen  computations  which  have  been  worked  out  in  Physical 
Economics  in  Tables  3  and  4,  according  to  the  natural  science  method. 

[79]  Part  2,  partial  or  complete  loss  of  vision  in  both  eyes,  gives 
all  the  different  combinations  of  loss  to  F,  the  functional  ability  of 
the  body  in  one  column;  then  the  loss  to  F  and  C,  or  E,  in  percentage 
in  three  degrees  designated  by  the  character  of  the  loss  and  a  figure 
with  the  sign  of  degree  indicating  the  degree  of  loss  and  the  column 
from  whence  it  was  taken  out  of  the  sixteen  computations  of  Tables 
3  and  4. 

[80]  Eye  Table  No.  2,  Part  1,  partial  or  complete  loss  of  the  field 
of  vision  of  one  eye  gives  the  standard  of  measurement  for  the  loss 
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of  the  field  of  vision  (Fd.)  in  one  eye,  for  a  sliglit,  a  severe,  a  nearly 
total  and  a  total  loss  of  the  field  of  vision,  measured  by  the  degi-ees  of 
loss,  designated  in  decimal  and  proper  fractions,  giving  the  average 
loss  to  F,  the  functional  ability  of  the  body,  in  each  one  of  the  four 
degrees  of  its  loss  in  one  column,  which  is  the  key  to  Tables  3  and  4, 
by  which  the  sixteen  different  computations  may  be  readily  found. 
The  loss  to  F  and  C,  the  compethig  ability  of  the  body,  is  then  given, 
which  constitutes  the  loss  to  E,  the  earning  ability  of  the  body,  which 
is  also  given  for  the  purpose  of  illustration,  in  a  minimum  %,  a 
medium  7^,  and  a  maximum  %  of  loss  to  the  earning  ability  of  the 
body,  and  designated  by  the  character  of  the  loss  and  a  figure  with 
the  sign  of  degree  indicating  the  degree  of  loss  and  the  column  from 
whence  it  was  taken  out  of  the  sixteen  computations  in  Tables  3  and  4. 

[81]  P'or  the  average  loss  to  F,  the  functional  ability  of  the  body, 
in  this  table  of  .015,  .Ol."),  and  .075,  there  is  no  computation  in  Tables 
3  and  4,  but  the  value  ma.v  be  found  by  adding  together  the  two 
contiguous  computations.  Thus  for  .015  we  add  that  for  .01  and  .02; 
thus,  1.10  +  2.20  =  3.30  -^  2  =  1.65,  and  for  the  other  two  fractions 
in  the  same  way  *[  74. 

[82]  Part  2,  partial  or  complete  loss  of  the  held  of  vision  of  both 
eyes  is  nearly  the  same  as  in  Part  1,  after  the  slight  loss;  but  the  loss 
to  F,  the  functional  ability  of  the  body,  is  much  greater,  because  it 
diminishes  the  field  of  vision  of  both  ej'es  at  the  same  time  and  thereby 
quadruples  the  loss  for  each  of  the  four  degrees. 

[83]  Eye  Table  No.  3,  Part  1,  partial  or  complete  loss  of  nuiscular 
functions  of  one  eye  for  the  different  degrees  of  sliglit,  severe  and 
nearly  total  loss  presents  difficulties  not  encountered  in  the  other  two 
tables  in  that  a  slight  loss  in  the  muscular  functions  may  produce 
nearly  total  loss  of  the  functions  of  vision  of  one  eye. 

For  instance,  a  slight  loss  in  the  action  of  a  muscle  relative  to 
the  range  of  its  complete  action  might  occur  in  heterotropia  or  paresis 
causing  diplopia  and  such  strain  to  the  eyes  that  it  would  produce  a 
severe,  or  a  nearly  total  loss  of  the  functions  of  the  eyes  and  damage 
that  person,  if  it  could  not  be  remedied,  in  his  competing  al)ility  to 
a  severe  or  to  a  nearly  total  degree,  and  thereby  cause  a  corresjionding 
loss  to  the  earning  ability  of  that  person,  for  the  loss  of  the  functions 
of  one  eye. 

[84]  The  supreme  importance  of  solving  the  problem  of  physical 
economics,  and  hence  visual  economics,  by  the  natural  science  method 
is  that  it  determines  the  loss  to  the  earning  ability  of  the  body,  upon 
which  compensations  must  be  ba.sed,  in  accordance  with  the  exact 
existing  conditions  of  its  indispensable  factors  by  the  use  of  instru- 
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ments  and  methods  of  precision,  standards  of  measurement  and  other 
data,  and  the  employment  of  two  fixed  mathematical  laws,  by  which 
the  damage  to  the  competing  ability  from  the  loss  to  the  functional 
ability  of  the  body  from  .01  to  .80  is  graded  between  two  cardinal 
points  of  no  loss  to  total  or  100%  loss,  thus  giving  sixteen  different 
degrees  of  loss  to  the  earning  ability  of  the  body,  a  range  and  grada- 
tion sufficient  to  determine  a  compensation  for  the  loss  to  it  from 
any  injury  or  disease  that  could  possibly  happen  to  a  person. 


[85]     Eye  Table  No.  1,  Part  1.     Partial  or  Complete  Loss  of  the 
Function  of  Vision  of  One  Eye. 


Standard  of  Measurement  for  the  Loss  of  the  Function 

of  Vision  (V)  of  One  Eye.     F  (g). 

Slight  (St.)                    Severe  (Se.)               Nearly  total  (Nt.) 

Total  (Tl.) 

from                                from                                from 

from 

20/25  to  20/35               20/40  to  20/55              20/60  to  20/180 

20/200  to  0 

(0.8  to  0.6+)                (0.5to0.3— )                 (0.3to0.1+) 

(O.ltoO) 

Average  loss                   Average  loss                   Average  loss 

Average  loss 

toF=.03                       toF=.09                       toF=.15 

toF=.18 

Min. 

Med. 

Max. 

percent 

percent 

percent 

(1) 

St.  lossof  V.  losstoF=.03;  FXCorE=    3.30 

3.59 

4.07 

(St.l°) 

(St.3°) 

(St.5°) 

(2) 

Se.  lossof  V.  loss  to  F=.  09:  FXC  or  E=  10.73 

11.92 

13.19 

(St.3°) 

(St.5°) 

(Se.l°) 

(3) 

Nt.  loss  of  V.  loss  to  F  =  .  15;  FxCorE=  17.72 

19.42 

27.75 

(St.3°) 

(St.5°) 

(Se.2°) 

(4) 

Tl.  lossof  V.  loss  to  F=.  18;  FXC  or  E=  32.76 

44.87 

54.80 

(Se.2°) 

(Se.3°) 

(Se.4°) 

Part  2.     Partial  or  Complete  Loss  of  the  Function  of 

Vision  of  Both  Eyes. 

Min. 

Med. 

Max. 

percent 

percent 

percent 

(5) 

St.  with  St.  loss  to  F=  .06;  FXC  or  E=    6.57 

7.23 

7.98 

(St.l°) 

(St.3°) 

(St.5°) 

(6) 

St.  with  Se.  loss  to  F=.12;  FXC  or  E=  13.15 

15.70 

17.46 

(St.l°) 

(St.5°) 

(Se.l°) 

(7) 

St.  with  Nt.  loss  to  F=.18;  FxC  or  E=  19.64 

23.25 

25.71 

(st.r) 

(St.5°) 

(Se.l°) 

(8) 

St.  with  Tl.  loss  to  F=  .21;  FxC  or  E=  37.59 

50.70 

61.06 

(Se.2°) 

(Se.3°) 

(Se.4°) 

(9) 

Se.  with  Se.  loss  to  F=.  18;  FxC  or  E=  25.71 

32.76 

44.87 

(Se.l°) 

(Se.2°) 

(Se.3°) 

(10) 

Se.  with  Nt.  loss  to  F=.24;  FXC  or  E=  33.73 

42.24 

56.11 

(Se.l°) 

(Se.2°) 

(Se.3°) 

(11) 

Se.  with  Tl.  loss  to  F=  .27;  FXC  or  E=  46.71 

61.10 

71.61 

(Se.2°) 

(Se.3°) 

(Se.4°) 

(12) 

Nt.  with  Nt.  loss  to  F=.30;  FxC  or  E=  51.00 

65.70 

75.99 

(Se.2°) 

(Se.3°) 

(Se.4°) 

(13) 

Nt.  with  Tl.  loss  to  F=.33;  FXC  or  E=  55.11 

69.93 

79.86 

(Se.2°) 

(Se.3°) 

(Se.4°) 

(14) 

Tl.  with  Tl.  loss  to  F=  .36;  FXC  or  E=  59.04 

73.79 

100. 

(Se.2°) 

(Se.3°) 
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[86J     Eye  Table  No.  2,  Part  1.     Partial  or  Complete  Loss  of  the 
Functiou  of  the  Field  of  Vision  of  One  Eye. 


Slight  (St.) 

from  150°  to  120° 

(from      1    to     .8) 

(from      1    to  4/5) 

Average  loss  to 

F=.015 


Standard  of  JMcasureinent  for  the  Lo^s  of  the  Function 
of  the  Field  of  Vision  (Fd.)  of  One  Eye.     F  (g). 

Severe  (Se.) 
from  120°  to    60° 
(from     .8    to     .4) 


(from  4/5    to  2/5) 

Average  loss  to 

F  =  .045 


Nearly  total  (Nt.)  Total  (Tl.) 

from    60°  to      15°  from      15°  to  0 
(from     .4   to       .l)(from      .1    to  0) 
(from  2/5   to  1/10)  (from  1/10    to  0) 
Average  loss  to  Average  loss  to 

F=.075  F=.09 


Min. 

percent 

(1)  St.  lossin  Fd.  loss  toF=.015;  FxCor  E=    1.65 

(St.l°) 

(2)  Se.  loss  in  Fd.  loss  to  F  =  .  045;  F X C  or  E  =    4 .  93 

(St.l°) 

(3)  Nt.  loss  in  Fd.  loss  to  F=  .075;  FXC  or  E=    7.11 

(St.l°) 

(4)  Tl.  loss  in  Fd.  loss  to  F=  .090;  FxC  or  E=  10.73 

(St.3°) 


Med. 

Max. 

percent 

percent 

1.80 

2.02 

(St.3°) 

(St.5°) 

5.36 

5.98 

(St.3°) 

(St.5°) 

7.86 

8.65 

(St.3°) 

(St.5°) 

11.19 

17.19 

(St.5°) 

Se(.2°) 

Fart  2.     Partial  or  Complete  Loss  of  the  Function 
of  the  Field  of  Vision  of  Both  Eyes. 

Standard  of  Measurement  for  the  Loss  of  the  Function 
of  the  Field  of  Vision  (Fd.)  of  Both  Eyes.     F  (g). 

Slight  (St.)  Severe  (Se.)  Nearly  total  (Nt.)          Total  (Tl.) 

from  180°  to  120°;  from  120°  to    60°;  from    60°  to      15°;      from      15°  to  0 

(from      1    to  2/3);  (from  2/3    to  1/3);  (from  1/3    to  1/12);     (from  1/12    to  0) 

Av.  loss  to  F  =  .  06;  Av.  loss  to  F  =  18;  Av.  loss  to  F  =  . 30;   Av.  loss  to  F  =  . 36 


(5)  St.    loss  in  Fd.  loss  to  F  =  . 06;  FxC  or  E  ^ 

(6)  Se.    loss  in  Fd.  loss  to  F  = 


Min. 

percent 

=    7.23 

(St.3°) 

18;  FXC  or  E=  21.20 

(St.3°) 

(7)  Nt.  loss  in  Fd.  loss  to  F=  .30;  FxC  or  E=  37.77 

(St.5°) 

(8)  Tl.    loss  in  Fd.  loss  to  F  =  .  36;  F  X  C  or  E  =  59 .  04 

(Se.2°) 

(9)  Right  homonymous 

hemianopsia,  loss  to  F=  .  18;  FxC  or  E=  54.80 
(1)  (Se.4°) 

(10)  Left  homonymous 

hemianopsia,  loss  to  F=  .  18;  FxC  or  E=  44.87 
^  (Se.3°) 

(11)  Inferior 

hemianopsia,  lo.ss  to  F  =  .  18;  FxC  or  E  =  54.80 
^  (Se.4°) 

(12)  Superior 

hemianopsia,  loss  to  F=  .  18;  FXC  or  E=  44.87 

(Se.3  ) 


Med. 

Max. 

percent 

percent 

8.82 

11.64 

(Se.l°) 

(Se.2°) 

25.71 

32.76 

(Se.l°) 

(Se.2°) 

41.41 

51.00 

(Se.l°) 

(Se.2°) 

73.79 

83.21 

(Se.3°) 

(Se.4°) 

62.94 

75.09 

(Se.5°) 

(Nt.l°) 

54.80 

62.94 

(Se.4°) 

(Se.5°) 

62.94 

75.09 

(Se.5°) 

(Nt.l°) 

54.80 
(Se.4°) 


(1)     In  the  experience  of  the  author  all  persons  are  practically  totally 
with  hemianopsia  of  either  kind. 


62.94 

(Se.5°) 

di.sabled 
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87)     Eye  Table  No.  3,  Part  }.     Partial  or  Complete  Loss  of 
Muscular  Functions  of  One  Eve. 


Standard  of  Measurement  for  the  Loss 
of  Muscular  Functions  (Mf.)  of  One  Eye.     ¥  (g). 

St.Av.loss  to  F  =  .03;  Se.Av.Ioss  to  F  =  .09;Nt.Av.loss  to  F  =  .15;TI.Av.Ioss  to  F  =  .18. 

St.  loss    fHeterophorias  P.  R.  and  in  A.;  paresis  and  paralysis,  slight  and  without 
occurs  in]     diplopia;  ophthalmoplegia  interna  slight;  lagophthalmus  slight. 
Se.  loss    fHeterotropia  without  diplopia;  paresis  and  paralysis  without  diplopia; 
occurs  iui      ophthalmoplegia  interna  severe;  lagophthalmus  severe  and  irremediable. 

I  Heterotropia  with  diplopia,  necessitating  e.xclusion  of  the  eye. 
Nt.  loss     Paresis  and  paral.ysis,  necessitating  exclusion  of  the  eye. 
occurs  in-l  Ophthalmoplegia  externa,  necessitating  exclusion  of  the  eye. 

Ophthalmoplegia  interna,  necessitating  exclusion  of  the  eye. 

Lagophthalmus  complete,  necessitating  exclusion  of  the  eye. 
Tl.  loss    f  Affections  enumerated  under  the  head  of  Nearly  Total  Loss  when  vision 
occurs  in  ;^     has  been  lost  to  a  nearly  total  degree  or  to  a  Total  Loss. 


Min.  Med.  Max. 

Percent  Percent  Percent 

(1)  St.     los.sof  Mf.(Av.  loss  to  F  =  .03;  FxCor  E)=    3.3  3,59  4.07 

(St.D  (St.3°)  (St. 5°) 

(2)  Se.  lossof  Mf.  (Av.  lo.ss  to  F  =  .09;  FxCor  E)=    9.99  10.73  11.92 

(St.D  (St.3°)  (St. 5°) 

(3)  Nt.  lossof  Mf.  (Av.  loss  to  F  =  .  15;  FXC  or  E)=  16.96  19.42  21.72 

(St.2°)  (St.5°)  (Se.l°) 

(4)  Tl.  loss  of  Mf.  (Av.  loss  to  F  = .  18;  F X C  or  E)  =  32 .  76  44 .87  54 .  80 

(Se.2°)  (Se.3°)  (Se.4°) 


Eye  Table  No.  3,  Part  2.     Partial  or  Complete  Loss 
of  Muscular  Functions  of  Both  Eyes. 


Min. 

Med. 

Max. 

Percent 

Percent 

Percent 

(5) 

St. 

with  St. 

(Av. 

loss  to  F  = 

.06 

FxCor  E) 

=    6.57 

(St.l°) 

7.23 

(St.3°) 

7.98 

(St.5°) 

(6) 

St. 

with  Se. 

(Av. 

loss  to  F  = 

.12; 

FxCor  E)  = 

(13.15 

(st.r) 

15.70 

(St.5°) 

17.46 

(Se.r) 

(7) 

St. 

with  Nt 

(Av. 

loss  to  F  = 

.18 

FxCor  E) 

=  19.64 

(St.r) 

21.20 

(St.3°) 

25.71 

(Se.r) 

(8) 

St. 

with  Tl. 

(Av. 

loss  to  F  = 

.21, 

FxCor  E)  = 

=  29.85 

(Se.r) 

50.70 

(Se.3°) 

61.06 

(Se.4°) 

(9) 

Se. 

with  Se. 

(Av. 

loss  to  F  = 

.18; 

FxCorE)  = 

=  25.71 

(Se.l°) 

32.76 

(Se.2°) 

44.87 

(Se.3°) 

(10) 

Se. 

with  Nt 

(Av. 

loss  to  F  = 

.24, 

FxCor  E) 

=  33.73 

(Se.r) 

42.24 

(Se.2°) 

56.11 

(Se.3°) 

(11) 

Se. 

with  Tl. 

(Av. 

loss  to  F  = 

.27, 

FXCor  E)- 

=  37.59 

(Se.r) 

61.10 

(Se.3°) 

71.61 

(Se.4°) 

(12) 

Nt. 

with  Nt. 

(Av. 

loss  to  F  = 

.30; 

FxCorE)= 

=  41.41 

(Se.r) 

65.70 

(Se.3°) 

75.99 

(Se.4°) 

(13) 

Nt. 

with  Tl. 

(Av. 

loss  to  F  = 

33;. 

FxCorE)  = 

=  45.13 

(Se.r) 

69.93 

(Se.3°) 

79.86 

(Se.4°) 

(14) 

Tl. 

with  Tl. 

(.A.V. 

loss  to  F  = 

.36; 

FxCorE)  = 

=  59.04 

(Se.2°) 

73.79 

(Se.3°) 

83.21 

(Se.4°) 
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:88J      Ear  Table.     Part  L     Partial  or  Complete  Loss  of  the 
Function  of  Hearing  in  One  Ear. 


_     Standard  of  Measurement  for  the  Los.": 

— 

of  the  1^'unction  of  Hearing  (Hj  in  One  Ear. 

'  F  (g). 

Slight  (St.) 
from 

Severe  (Se.) 
from 

Nearly  Total  (Nt.) 

Total  (Tl.) 

6/6  to  5/6  + 

4/6  to  3/6  + 

irom 
2/6  to  1/6— 

from 
1  /6 —  to  0 

Average  loss 
to  F  =  .02 

Average  loss 
to  F  =  .06 

Average  loss 
to  F  =  .10 

Average  loss 
to  F  =  .12 

Min. 

Med. 

Max. 

(1) 

St.   loss  of  H 

.  loss  to  F  =  .02: 

Percent 
;  FxCorE=    2.20 

Percent 
2.4 

Percent 
2  69 

(2) 

Se.  loss  of  H 

.  loss  to  F  =  .06i 

(st.r) 

;  FxCorE=    7.23 

(St.3°) 
7.98 

(St.5°) 
8.82 

(3) 

Nt.  loss  of  H 

.  loss  to  F  =  .10; 

(St.3°) 
;  FxCor  E=  11.89 

(St.5°) 
13.24 

(Se.r) 
14.59 

(4) 

Tl.  loss  of  H 

.  loss  to  F  =  .12; 

(St.3°) 
:  FXC  or  E=  15.70 

(St.5°) 
17.46 

(Se.r) 
22.56 

(St.5°) 

(Se.r) 

(Se.2°) 

Part  2.     Partial  or 

Complete  Loss  of  the  Function  of  Hearing  in  Both  Ears. 

Min. 

Med. 

Ma.x . 

Percent 

Percent 

Percent 

(5) 

St.   with  St. 

loss  to  F  =  .04; 

FXCorE=    4.39 

4.77 

5.35 

(St.l°) 

(St.3°) 

(St. 5°) 

(6) 

St.   with  Se. 

loss  to  F  =  .08; 

FxCorE=  10.58 

11.78 

15.36 

(St.  5°) 

(Se.r) 

(Se.2°) 

(7) 

St.   with  Xt. 

loss  to  F  =  .12; 

.FxCor  E=  15.70 

17.46 

22.56 

(St.5°) 

(Se.r) 

(Se.2°) 

(8) 

St.   with  Tl. 

loss  to  F  =  .14; 

FxCorE=  18.13 

20.28 

26.04 

(St.5°) 

(Se.r) 

(Se.2°) 

(9) 

Se.  with  Se. 

loss  to  F  =  .12; 

FXCor  E=  17.46 

22.56 

31.86 

(Se.l°) 

(Se.2°) 

(Se.3°) 

(10) 

Se.  with  Nt. 

loss  to  F  =  .  16; 

FXC  or  E=  23.06 

29.44 

40.73 

(Se.D 

(Se.2°) 

(Se.3°) 

(11) 

Se.  with  Tl. 

loss  to  F  =  .1S; 

FXC  or  E=  25.71 

32 .  76 

44.87 

(Se.r) 

(Se.2°) 

(Se.3°) 

(12) 

Nt.  with  Nt. 

loss  to  F  =  .20; 

FxC  or  E=  28.48 

36.00 

48.80 

(Se.r) 

(Se.2°) 

(Se.3°) 

(13) 

Nt.  with  Tl. 

loss  to  F  =  .22; 

FXCor  E=  31.13 

39.16 

52.55 

(Se.r) 

(Se.2°) 

(Se.3°) 

(14) 

Tl.  with  Tl. 

loss  to  F  =  .24; 

FxC  or  E=  33.73 

42.24 

56.11 

(Se.r) 

(Se.2°) 

(Se.3°) 

[89]  In  case  of  the  partial  or  complete  loss  of  the  sight  of  one, 
or  both  eyes,  where  a  person  or  corporation  is  liable  for  such  loss,  it 
becomes  necessaiy  to  determine  the  economic  value  of  the  person  thus 
damaged  in  order  to  make  an  equitable  settlement  on  the  l)asis  of  the 
earning  ability  of  that  person  at  the  time  the  accident  occurred.  There- 
fore, the  Table  of  the  Economic  Value  of  ]\Ian  is  added  for  that  purpose. 
This  table  is  based  upon  one  constructed  by  William  Farr  who  spent 
his  life  as  superintendent  of  the  Registrar-General's  office  of  England 
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where  by  his  writings  on  vital  statistics  and  allied  subjects  he  ren- 
dered one  of  the  greatest  services  to  his  country  and  the  world  that 
ever  fell  to  the  lot  of  man.  The  values  in  Farr's  table  were  converted 
into  U.  S.  money  and  then  changed  to  a  dollar  a  day  basis,  or  three 
hundred  dollars  for  the  full  year. 

[90]  Table  of  tlie  Economic  Value  of  Man  (Evom),  is  based 
on  the  premises  that  F,  the  functional  ability,  multiplied  by  T, 
the  technical  abilit}^  multiplied  by  C,  the  competing  ability,  equals 
to  E,  the  earning  ability  of  the  person,  and  that  the  gross  economic 
value  of  man  is  the  present  value  of  all  his  earnings  for  a  prospective 
working  life,  and  the  net  economic  value  of  man  is  the  present  value 
of  all  his  earnings  less  the  present  value  of  all  his  personal  expenses 
for  his  prospective  working  life. 

The  mone}^  values  here  given  may  be  used  either  for  the  gross  or 
for  the  net  economic  value  of  man,  depending  on  whether  $1  per 
day  is  the  gross  or  the  net  income  per  day  for  three  hundred  days 
of  the  year  for  a  prospective  working  life,  namely  $300  per  year. 

This  table  is  computed  on  a  ^Y^  per  cent,  compound  interest  dis- 
count basis. 


At  the  Age 

Money 

Annual 

Percentage 

Number 

Number 

Percentage 

of  Birth 

Value 

Increase 

of  Increase 

Living 

Deaths 

of  Death 

in  5  Years 

at 

in  5  Years 

in  5  Years 

133.29 
1,388.44 

513 
372 

5 

25L03 

"941.66  ' 

■    "iil'    ■■ 

"27.48  " 

10 

2,900.98 

302.50 

108.94 

355 

17 

4.57 

15 

4,754.26 

370.65 

63.88 

346 

9 

2.53 

20 

5,797.72 

208.69 

24.05 

335 

11 

3.17 

25 

6,114.51 
Decrease 

63.35 
Decrease 

5.46 
Decrease 

321 

14 

4.17 

30 

5,985.71 

25.76 

2.10 

307 

14 

4.36 

35 

5,664.43 

64.25 

5.36 

291 

16 

5.21 

40 

5,262.30 

80.43 

7.13 

275 

16 

5.49 

45 

4,784.29 

95.62 

9.08 

257 

18 

6.54 

50 

4,178.96 

121.04 

10.57 

237 

20 

7.78 

55 

3,420.67 

151.68 

18.14 

215 

22 

9.28 

60 

2,413.00 

201.52 

29.45 

189 

26 

12.09 

65 

1,141.72 

254.25 

52.68 

156 

33 

17.46 

70 

19.10 

224.73 

98.33 

118 

38 

24.35 

75 

—609.32 

125.68 

-3,293.50 

79 

39 

33.05 

80     . 

-1,017.88 

81.71 

—67.05 

44 

35 

44.30 

SUMMARY. 


[91]  Visual  economics  is  an  indispensable  part  of  physical  eco- 
nomics which  treats  of  the  functional  ability  of  the  eyes  as  an  indis- 
pensable part  of  the  functional  ability  of  the  body  ^IH  1,  2  and  3. 

[92]     The  functional  ability  of  the  body  and  the  competing  ability 
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of  a  person  are  the  two  indispensable  factors  of  the  earaing  ability,  the 
status  of  which  with  its  loss  is  the  key  to  the  solution  of°every  prob- 
lem in  Avhich  the  economic  value  of  a  person  is  concerned  ^[^4,  7 
and  16. 

[93]  The  statement  of  E,  the  earning  ability  of  a  person  may  be 
made  in  the  natural  science  formula  by  letting  F,  the  functional  ability 
of  the  body,  represent  the  multiplicand ;  and  C,  the  competing  ability 
of  the  person,  represent  the  multiplier ;  thus :  F  C  =  E,  the  state- 
ment of  the  earning  ability  of  a  person  for  the  purpose  of  determining 
its  loss  upon  which  a  compensation  must  always  be  based  HH  5,  6  8 
9,  10,  16  and  72. 

[94]  Comparisons  are  made  between  the  damages  to  commodities, 
and  the  damage  to  one  or  both  eyes  from  injury  or  disease,  to  show 
that  the  principles  involved  in  the  determination  of  the  loss  to  each 
must  be  identically  the  same  if  the  loss  to  each  is  to  be  determined 
in  a  scienific  manner  and  not  estimated  by  empirical  methods  *  ^%  26, 
33  and  84. 

[95]  The  loss  to  E,  the  earning  ability,  depends  upon  the  loss  to  F, 
the  functional  ability  of  the  body,  and  its  consequent  damage  to  C,  the 
competing  ability  of  a  person,  in  the  vocation  followed  ^  4. 

[96]  The  loss  to  F,  the  functional  ability  of  the  body,  depends  upon 
the  damage  to  the  different  functions  of  the  body  from  injury  or  dis- 
ease as  measured  by  instruments  and  methods  of  precision,  scientific 
standards  of  measurement,  and  other  data,  and  determines  its  co- 
efficient for  the  factor  of  the  multiplicand  in  the  formula  %%  11,  12, 
13,  14  and  15. 

[97]  In  order  to  obtain  the  coefficient  of  F,  the  functional  ability  of 
the  body,  in  accordance  with  the  natural  science  method,  the  indispens- 
able parts  of  the  functional  ability  of  the  body  have  been  determined  to 
be  twelve  in  number,  and  as  such  are  used  as  factors  in  formulas  to 
ascertain  the  coefficient  of  the  functional  ability,  which  of  coui-se  is 
a  fraction,  and  as  the  factor  of  the  multiplicand  in  the  formula  it  is 
not  subject  to  a  change  in  value  5[5[  11,  12,  13,  14,  75  and  76. 

[98]  The  primary  coefficient  of  C,  the  competing  ability,  depends 
for  its  existence  upon  the  same  identical  functions  of  the  body  as  F,  the 
functional  ability  of  the  body,  and  therefore,  must  at  first  have  the 
same   coofficioiit    wliidi    is   ciillod   "lb(>   lu-imary   (•ooffioicnt   of   (',   the 

.  *  Empirical  methods  must  be  used  to  estimate  the  compensation  for  the  loss 
to  the  earning  ability  of  a  person  Avhen  there  has  been  no  economic  loss  to  the 
functions  of  the  body  but  a  damage  to  the  competing  ability  of  tlie  person  in 
the  vocation  followed,  in  the  way  of  cosmetic  defects.  Empirical  methods  must 
also  be  used  to  estimate  a  compensation  for  loss  in  suffering  of  mind  and  body, 
and  for  punitative  damages  caused  from  injury  or  disease  IIH -,  3-i  to  71. 
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competing  ability."  It  is  subject  to  a  change  in  value  to  equitably 
meet  the  damage  to  it  in  the  different  vocations  from  the  loss  to  the 
functional  ability,  by  which  any  degree  of  a  possible  100%  loss  to 
the  earning  ability  of  a  person  is  obtained  in  a  manner  equitable  to 
all  concerned.     %^  4,  15,  75  and  76. 

[99]  When  the  loss  to  F,  the  functional  ability  of  the  body,  causes 
a  greater  damage  to  the  competing  ability  of  a  person,  in  the  vocation 
followed,  than  "the  primary  coefficient  of  C,  the  competing  ability," 
this  coefficient  must  be  decreased  by  involution  to  decrease  its  value, 
and  thereby  cause  a  greater  damage  to  the  competing  ability  and  a 
greater  loss  to  the  earning  ability  of  the  person.    ^^  18,  19,  75  and  76. 

[100]  "When  the  loss  to  F,  the  functional  ability  of  the  body,  causes 
a  lesser  damage  to  the  competing  ability  of  a  person,  in  the  vocation 
followed,  than  "the  primary  coefficient  of  C,  the  competing  ability," 
this  coefficient  must  be  increased  by  evolution  to  increase  its  value 
and  thereby  cause  a  lesser  damage  to  the  competing  ability  and  a 
lesser  loss  to  the  earning  ability  of  the  person.    %%  18,  19,  75  and  76. 

[101]  By  practicing  involution  and  evolution  "the  primary  coeffi- 
cient  of  C,  the  competing  ability"  is  graded  with  mathematical  pre- 
cision between  the  two  cardinal  points  of  no  damage  to  it  to  total  dam- 
age to  it,  or  100%  damage  to  it,  and  thereby  the  loss  to  the  earning 
ability  of  a  person  is  graded  between  the  two  cardinal  points  of  no  loss 
to  it,  to  total  loss  to  it,  or  100%  loss  to  it,  which  gradation  is  divided 
into  three  groups  and  for  convenience  is  designated  slight,  of  which 
there  are  five  degrees ;  severe,  of  which  there  are  six  degrees ;  and 
nearly  total,  of  which  there  are  five  degrees.     ^^\  75  and  76. 

[102]  The  computations  for  grading  "the  primary  coefficient  of  C, 
the  competing  ability,"  for  the  loss  to  F,  the  functional  ability  of  the 
body,  from  .01  to  .40,  have  all  been  worked  out,  giving  the  status  of 
the  earning  ability  of  a  person  for  these  losses,  which  constitutes 
Tables  1  and  2.    %^\  19,  20,  21,  22  and  75. 

[103]  Tables  3  and  4  are  obtained  from  Tables  1  and  2,  by  subtract- 
ing the  status  of  the  earning  ability  therein  given  from  1,  and  changing 
the  loss  thus  obtained  to  percentage.  As  a  compensation  must  always 
be  based  upon  the  loss  to  the  earning  ability  of  an  injured  person  it 
is  only  necessary  to  have  the  report  of  the  medical  examiner  which 
gives  the  loss  to  the  functional  ability  of  the  body  and  the  degree  of 
damage  to  the  competing  ability  of  the  injured  person,  and  then  go 
direct  to  Tables  3  and  4,  and  quickly  find  the  loss  to  the  earning 
ability  in  percentage,  upon  which  a  compensation  for  that  person 
nuist  always  be  based,  f  f  21,  23,  24,  29,  30,  31  and  72.— (E.  E.  H.) 
Visual  field.     See  Perimetry. 


VISUAL  FOCUS  13639 

Visual  focus.  The  point  at  which  the  rays  of  the  greatest  luminous  in- 
tensit.v  (i.  e.,  the  yelloAV  rays)  are  brought  together  by  a  single  lens. 

Visual  green.  A  greenish  pigment  found  in  the  retinal  rods  of  frogs 
and  some  reptiles.  It  resembles  visual  purple  in  the  higher  animals, 
and  is  similar  in  its  jn'operties. 

Visual  hallucinations.     See  p.  5688,  Xo\.  VIII  of  this  Encyclopedia. 

Visualize.  To  make  visual  or  visible;  to  render  that  -whieli  is  perceived 
oidy  by  the  mind  apparently  visible  to  the  eye. 

Visual  line.    See  Visual  axis. 

Visual  plane.     The  plane  including  the  vis\ud  axes  of  the  eyes. 

Visual  purple.  The  photo-sensitive  coloring  matter  of  the  retina.  See 
Rhodopsin;  also  Bleaching  of  the  visual  purple,  p.  1015,  Vol.  11,  and 
Rhodogenesis,  in  this  Ejicyclopcdiit. 

Visual  sound.     See  Optophone,  p.  9103,  Vol.  XII  of  this  Encyclopedia. 

Visual  space  perception.  Visual  spatial  disturbances.  In  addition  to 
what  is  said  under  syiionymous  headings  herein  it  may  be  noted  tliat 
Gordon  Holmes  (Br.  Medical  Journ.,  p.  230,  Aug.  23,  1919)  contributes 
the  following  clear  exposition  of  certain  aspects  of  the  subject,  espe- 
cially of  those  disturbances  of  spatial  relations  due  to  gunshot  wounds 
of  the  brain  involving  the  visual  centers.  These  observations,  con- 
stituting the  second  ^Montgomery  Lecture,  are  quoted  almost  in  full 
and  verbatim : — 

"When  my  eyes  fall  on  any  visible  object,  as  on  this  piece  of 
chalk  on  the  table  in  front  of  me,  I  perceive  it  and  I  can  in  addition 
form  certain  judgments  on  its  spatial  relations  to  myself  and  to  other 
A'isible  objects;  and  if  it  happens  to  1)e  similar  to  something  I  have  seen 
before  I  can  recognize  its  nature.    That  is: 

"1.  I  can  determine  its  position  in  space  in  relation  to  myself  and 
consequently  point  to  it  if  I  can  control  and  direct  the  movements  of 
my  arm. 

"2.  I  can  also  form  an  ai)propriate  estimate  of  its  distance  from 
me  and  therefore  touch  it  if  it  be  within  my  reach,  or  move  imme- 
diately to  it  if  it  be  farther  from  me. 

"3.  And  if  another  object  be  within  my  field  of  vision,  as  this 
second  piece  of  chalk,  I  can  form  an  approximately  correct  judgment 
of  the  relative  positions  of  the  two,  that  is,  whether  the  one  is  higher 
or  lower,  to  the  riglit  or  the  left  of,  oi-  nearer  or  farther  than  the 
other. 

"4.  When  one  of  the  objects  casts  its  image  on  liie  periphery  of 
my  retina'  I  can  move  my  eyes  so  that  it  comes  clii'cctly  into  central 
vision,  and,  if  it  is  within  a  short  distance,  converge  and  accommodate 
too  so  that  its  image  is  focussed  on  my  macuhe. 
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"5.  I  can  estimate  its  size,  both  absolute  and  relative  to  that  of 
other  objects. 

''6.  I  can  recognize  that  it  has  thickness  and  depth,  or  in  other 
words  that  it  is  tridimensional. 

"7.  Finally,  I  can  identify  it,  that  is,  associate  its  visual  percep- 
tion with  the  memory  images  of  similar  or  allied  past  impressions,  and 
with  other  qualities  that  I  have  learned  by  previous  sense  experience, 
as  weight,  brittleness,  etc. 

"All  these  judgments  that  I  can  form  about  this  piece  of  chalk, 
which  has  merely  thrown  an  image  on  my  retina?,  may  be  disturbed, 
either  individually  or  collectively,  by  cerebral  lesions. 

"We  shall  consider  briefly  how  we  localize  in  space  objects  which 
we  merely  perceive  by  vision,  and  how  we  attain  the  spatial  attributes 
with  which  we  endow  our  visual  perceptions.  This  has  been  the  sub- 
ject of  much  discussion.  The  two  chief  explanations  are  those  that 
have  been  offered  by  the  nativistic  and  by  the  empiristic  hypotheses. 
The  nativistic  view  attributes  localization  in  space  to  innate  properties 
of  the  sense  organs  or  sensory  centres,  properties  which  are  inherited 
and  ready  for  use  by  the  newly-born  animal.  According  to  the  em- 
piristic school,  on  the  other  hand,  all  space  perception  is  of  intellec- 
tual origin  and  is  acquired  only  by  habit  and  experience,  by  the  testing 
and  controlling  of  visual  sensations  by  tactile,  muscular,  and  other 
sensations  from  all  parts  of  the  body.  This  empiristic  view  is  of  con- 
siderable interest  here,  as  it  was  first  put  forward  more  than  two 
hundred  years  ago  by  George  Berkeley  in  his  celebrated  Essay  towards 
a  new  theory  of  vision. 

"During  the  late  war  I  was  able  to  observe  eight  men  with  gun- 
shot injuries  of  the  brain  who  had  disturbances  of  spatial  orientation. 
All  presented  more  or  less  similar  symptoms,  and  as  most  of  them 
remained  under  observation  for  considerable  periods  it  was  possible 
to  investigate  them  repeatedly.  These  disturbances  cannot  be  attrib- 
uted to  blindness  or  amblyopia,  for  the  aduity  of  central  vision  was 
good  in  all  the  patients,  and  though  there  were  defects  in  the  fields 
of  vision  in  several  these  defects  bore  no  relation  to  the  symptoms, 
which  were  identical  in  other  men  in  whom  the  fields  were  normal. 
The  symptoms  were  also  unconnected  witli  paralysis  and  loss  of  sen- 
sation, and  there  was  no  serious  degree  of  mental  deterioration  in  any 
of  them.     One  man  only  had  aphasia  of  severe  degree. 

Absolute  localization.  ' '  The  most  obvious  symptom  was  the  inability 
of  the  patients  to  determine  the  position  in  space,  in  relation  to  them- 
selves, of  objects  which  they  saw  distinctly.  When  I  held  up  a  knife 
in  front  of  one  man  he  said  at  once  'that's  a  pocket-knife';  but  though 
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liis  eyes  were  directed  on  it  he  stretched  out  his  arm  in  a  totally- 
wrong  direction  when  he  was  told  to  take  hold  of  it.  Another  man 
struck  my  face  with  his  hand  as  he  attempted  to  point  to  a  pencil 
which  I  held  two  or  three  feet  to  my  right  side.  Similarly  when 
asked  to  pick  up  from  a  table  objects  which  they  could  see  and  rec- 
ognize, tliese  men  could  never  bring  their  hands  directly  to  them, 
and  often  made  very  gross  errors  in  their  direction.  One  intelligent 
man  described  his  experience  when  a  meal  was  placed  on  a  bed-table 
in  front  of  him;  when  he  tried  to  take  a  piece  of  bread  he  brought 
his  hand  under  the  table  rather  than  above  it,  and  on  attempting  to 
seize  the  cup  he  found  his  fingers  first  in  the  tea,  and  in  his  second 
attempt  on  a  plate  to  one  side  of  it. 

"This  inability  to  recognize  the  positions  of  objects  seen  was  obvious 
whether  they  were  in  central  of  peripheral  vision,  but  in  the  latter 
case  the  errors  were  much  greater;  most  of  the  patients,  in  fact, 
were  eventually  able  to  localize  fairly  well,  though  not  with  normal 
accuracy,  objects  at  which  they  looked. 

"It  was  only  when  they  relied  on  sight  alone  that  they  could  not 
localize  the  positions  of  an  object  in  space.  If  it  touched  any  part 
of  their  ow^n  bodies  they  could  always  bring  their  hands  to  it  imme- 
diately and  correctly ;  touch  gave  them  the  necessary  local  knowledge 
that  they  failed  to  obtain  from  vision  alone.  This  was  well  shown 
when  one  man  was  given  a  spoon  and  told  to  take  soup  from  a  bowl 
on  the  table  in  front  of  him;  he  succeeded  in  placing  the  spoon  in 
the  bowl  only  after  repeated  attempts,  though  he  could  always  bring 
it  accurately  to  his  mouth,  but  when  he  was  allowed  to  hold  or  touch 
the  bowl  with  his  left  hand  he  fed  himself  without  any  difficulty. 
His  left  hand  gave  him  the  spatial  information  about  the  bowl  that 
he  could  not  obtain  from  sight  alone.  These  patients  also  localized 
the  direction  of  sounds  as  accurately  as  normal  persons;  when  blind- 
folded they  pointed  in  the  direction  of  a  noise,  and  walked  towards 
anyone  who  called  them,  as  readily  and  as  accurately  as  a  normal 
person  can. 

"It  was  the  estimation  of  distance  that  was  most  severely  affected. 
When  the  patients  attempted  to  touch  any  object  near  to  them  they 
frequently  projected  their  hands  far  beyond  it ;  or,  if  it  were  beyond 
their  reach,  they  often  tried  to  grasp  it  before  their  hands  had  reached 
it.  One  man,  for  instance,  was  asked  to  seize  a  piece  of  paper  about 
six  yards  away  from  him ;  he  at  once  extended  his  riglit  arm  towards 
it,  and  continued  groping  for  it  as  he  approached  it,  and  even  after 
his  hand  had  passed  it.  Tliey  were  also  unable  to  make  even  approx- 
imately correct  estimates  of  the  distance  of  objects  which  they  saw; 
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a  tall  ehimnej'  about  500  yards  distant  seemed  'perhaps  twenty  yards' 
from  one  man^ — in  fact,  he  remarked :  '  Ever;^i;hing  I  see  seems  to 
be  the  same  distance  from  me.' 

Relative  localization.  "Not  only  were  they  unable  to  recognize  the 
spatial  relations  to  themselves  of  objects  which  they  saw,  but  they 
could  not  determine  accurately  the  relative  positions  of  two  objects 
that  were  at  tlie  same  time  in  vision.  When  a  silver  and  a  copper 
coin,  or  two  pieces  of  paper  of  the  same  size  but  of  different  color, 
were  held  up  in  front  of  them  they  were  often  unable  to  describe 
their  relative  positions,  and  especially  their  relative  distances  from 
themselves.  They  either  guessed  indiscriminately  that  the  one  was 
nearer  than  the  other,  or  confessed  their  inability  to  decide.  One 
patient,  for  example,  could  not  say  in  which  of  two  men,  one  dressed 
in  khaki  and  tlie  other  in  hospital  blue,  was  the  nearer  Avhen  they  were 
respectively  seven  and  fourteen  yards  from  him;  and  when  he  was 
shown  a  panoramic  view,  in  which  he  recognized  several  prominent 
objects,  he  confessed  that  he  could  form  no  conception  how  they  were 
placed  in  respect  to  one  another.  But  when  he  was  allowed  to  touch 
or  walk  to  two  separate  objects,  he  no  longer  entertained  any  doubt 
of  their  relative  positions. 

Recognition  of  length  an'd  size.  "Another  prominent  symptom  in 
all  my  patients  was  their  inability  to  distinguish  the  absolute  and 
relative  lengths  and  sizes  of  objects  they  were  shown.  They  could 
not  estimate  at  all  accurately  the  length  in  inches  or  feet  of  a  line 
or  rod,  unless  it  were  a  familiar  object  that  they  recognized.  They 
were  always  uncertain  which  of  two  pencils  was  the  longer  unless 
the  difference  w^as  considerable,  and  they  could  not  divide  a  line  accu- 
rately; in  many  attempts  one  segment  was  made  four  or  five  times 
as  long  as  the  other,  yet  they  were  generally  satisfied  with  their 
attempts.  They  failed,  too,  to  find  the  centre  of  a  circle  accurately. 
I  asked  one  patient  to  divide  a  large  slice  of  bread  equally  between 
us,  but  the  piece  he  kept  for  himself  was  at  least  six  times  as  large 
as  that  which  he  gave  me,  and  w^hen  I  pointed  out  that  the  division 
was  unfair  he  failed  to  see  it  until  he  touched  the  two  pieces  with 
his  fingers. 

In  walking.  "The  inability  to  localize  objects  in  space  by  vision 
alone  was  very  obvious  when  these  patients  were  allowed  to  walk 
about.  One  man,  when  only  a  few  yards  from  his  bed,  started  to 
walk  in  a  totally  wrong  direction  when  told  to  go  to  it,  and  another 
when  asked  to  sit  in  a  chair  to  one  side  of  me  walked  up  against  me 
violently,  and  then  explained  he  had  no  idea  I  was  so  near  to  him. 
Each  was  at  first  unable  to  find  his  way  directly  to  any  point  to 
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whicli  be  was  asked  to  go  though  he  saw  it,  or  succeeded  ouly  after 
taking  a  devious  route,  but  later  most  of  them  could  go  straight  to  a 
poiut  when  they  kept  their  eyes  fixed  on  it.  In  walking  about  they 
frequently  collided  with  large  obstacles,  as  they  failed  to  realize  their 
direction  or  their  distance  from  themselves.  Some  of  the  men  walked 
repeatedly  up  against  walls,  occasionally  so  violently  as  to  hurt  them- 
selves, as  they  had  no  idea  how  near  they  were  to  them,  though  they 
saw  them  distincth'.  One  interesting  feature  was  the  difficulty  they 
experienced  in  getting  around  obstacles  which  they  encountered;  on 
running  into  a  chair,  for  instance,  one  man  stood  still  for  a  moment, 
apparently  perplexed  as  to  how  to  avoid  it,  then  shuffled  to  one  side 
and  when  almost  free  back  again,  so  that  it  was  ouly  after  repeated 
attempts  he  succeeded  in  passing  it.  AVhen,  however,  he  was  allowed 
to  place  his  hands  on  it  he  felt  his  way  round  it  at  once,  as  easily  as  a 
normal  person  can  in  a  dark  room. 

"All  these  patients  had  great  difficulty  in  learning  their  way  about. 
One  man  who  was  in  the  same  small  ward  for  three  months  could  not, 
•even  at  the  end  of  this  time,  go  directly  to  his  bed,  though  he  could 
see  and  identify  it,  if  he  had  to  make  two  or  three  turns  on  his  way. 
Another  was  tested  day  after  day  in  an  open  space  divided  by  a 
partition  in  whicli  there  was  a  gate,  but  even  after  weeks  of  training 
he  could  rarely  go  straight  through  the  gate  to  a  point  in  the  other 
division  which  he  knew.  The  visual  impressions  out  of  whicli  they 
would  normally  construct  their  ideas  of  space  were  devoid  of  spatial 
qualities,  and  this  made  it  impossible  for  them  to  obtain  clear  pictures 
of  the  topograph}^  of  even  small  areas.  Tlie  topographical  memory 
of  ways  and  places  with  which  they  were  acquainted  before  they  were 
injured  was  also  severely  involved,  though  the  patients  possessed 
good  memory  pictures  of  things  that  had  been  familiar  to  them.  Those 
who  were  questioned  on  this  point  were  unable  to  say  how  they  would 
find  their  ways  about  in  their  old  haunts.  One  man,  who  had  lived 
in  a  small  provincial  town  all  his  life,  remembered  that  the  railway 
station  was  near  his  home,  but  he  could  give  no  idea  of  how  he  would 
go  to  it  from  there,  or  to  his  workshop,  which  he  kncAV  was  close  by. 
Anotlier  man  had  a  vivid  memory  of  the  trenches  in  a  sector  in  whieli 
he  had  served  for  a  considerable  time,  but  he  had  no  idea  of  the  posi- 
tions of  the  different  trenches  in  relation  to  one  another,  or  of  how 
to  go  to  any  point  in  them.  Though  they  could  describe  what  they 
passed  on  the  way,  and  even  the  general  appearance  of  the  streets, 
these  patients  retained  no  idea  of  the  relations  in  space  of  the  separate 
()})jects  or  streets  to  one  another. 

Counting  and  readinrj.     "Tlie  inability  to  recogiii/f  llic  position  in 
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regard  to  self  of  objects  seen  and  the  relative  localization  of  several 
objects,  as  well  as  to  retain  a  correct  picture  of  the  spatial  relations 
which  is  normally  acquired  by  sight,  produced  many  other  symptoms. 
My  patients  could  rarely  count  correctly  four  or  five  similar  coins 
or  matches  placed  irregularly  on  a  table  in  front  of  them.  They  gen- 
erally turned  their  eyes  from  one  to  another  and  back  again,  count- 
ing and  recounting  till  they  became  hopelessly  confused,  since  they 
failed  to  recognize  the  mutual  spatial  relations  of  the  coins  and  con- 
sequently had  no  means  of  distinguishing  those  they  had  already 
counted,  as  all  were  similar  in  appearance.  AVhen  coins  of  different 
sizes  and  color  were  emplo.yed  they  could  distinguish  those  they  had 
already  included  in  tlieir  tally  and  consequently  succeeded.  And  as 
touch  gave  the  local  information  that  was  lacking  in  visual  impressions 
they  counted  the  coins  quite  readily  when  allowed  to  feel  them  with 
their  hands. 

"The  same  disturbances  accounted  for  their  difficulty  in  reading. 
Though  the  patients  could  see  the  smallest  type  and  recognize  the 
written  words  they  were  often  unable  to  read  the  words  of  a  line  in 
their  proper  order,  and  their  eyes  jumped  irregularly  from  line  to 
line,  or  even  on  to  another  paragraph  or  column.  Their  most  constant 
diificulty  was  to  find  the  beginning  of  the  next  line  Avhen  they  had 
finished  reading  the  words  of  one.  AVriting  was  affected  by  the  same 
factors.  None  of  my  patients,  except  one  who  was  aphasic,  had  any 
trace  of  agraphia ;  they  could  write  words  and  sentences  correctly, 
but  in  the  letters  they  attempted  to  write  the  individual  words  were 
placed  so  irregularly,  and  the  lines  ran  so  frequently  across  one  an- 
other on  the  page,  that  the  Avhole  was  scarcely  intelligible. 

Recognition  of  movement.  "The  appreciation  of  movement  was 
accurately  investigated  in  only  one  of  my  patients.  This  man  was 
never  certain  whether  a  moving  object  approached  or  receded  from 
him  when  it  moved  in  the  line  of  his  visual  axes,  but  he  detected  the 
slightest  lateral  or  vertical  movement  and  recognized  its  direction  at 
once.  The  smallest  movement  could  be  also  detected  by  jieripheral 
vision,  l)nt  lie  Avas  always  uncertain  of  its  direction  \niless  its  range 
Avas  nuich  larger  than  tlie  normal  person  re([uires  for  its  instant  rec- 
ognition. 

Yisiml  attention.  "Another  symptom  which  all  these  patients  pre- 
sented was  a  disturbance  of  visual  attention.  Every  object  in  central 
vision  seemed  to  absorb  attention,  so  that  images  which  fell  on  the 
periphery  of  the  retinae  were  often  unobserved ;  attention  was  in- 
capable of  noticing  two  or  more  visible  objects  at  the  same  time. 
When  the  observer's  hands  were  held  up,  one  on  each  side  of  the 
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patient's  visual  axes,  lie  could  instaiitlj^  see  the  movement  of  either 
the  right  or  the  left,  but  not  the  simultaneous  movement  of  both 
hands.  When  asked  to  look  at  a  needle  placed  on  the  table  he  often 
failed  to  detect  a  pencil  placed  on  one  side  of  it,  or  if  there  were  two 
pencils  he  could  see  only  the  one  or  the  other  at  one  time.  This 
affection  of  visual  attention  was  obvious  in  many  other  Avays  too. 
While  sitting  in  the  ward  it  was  noticeable  that  the  patients  usually 
saw  only  what  their  eyes  were  directed  on  and  they  took  little  interest 
in  what  was  happening  around  them,  unless  their  attention  was  called 
to  it  by  sounds  or  other  sense  impressions.  In  walking,  too,  they 
frequently  passed  without  observing  things  that  would  have  excited 
the  notice  of  normal  persons. 

"This  visual  inattention  was  not  due  to  blindness  or  other  defects 
in  the  fields  of  vision,  as  no  defects  that  could  explain  it  were  dis- 
covered after  careful  examination,  and  images  were  frequently  per- 
ceived on  portions  of  the  retinae  where  similar  images  passed  un- 
noticed immediately  before  or  after.  There  was  no  regularity  in 
perception.  This  is  a  condition  that  results  not  infrequently  from 
lesions  of  the  parietal  lobes,  and  it  may  be  a  unilateral  or  a  bilateral 
phenomenon.  It  is  commonly  found  apart  from  disturbances  of  visual 
localization  and  is  entirely  independent  of  this.  It  plays  a  part, 
however,  in  some  of  the  symptoms  we  have  already  dealt  with,  as  if 
the  visual  impressions  of  objects  do  not  attract  attention  the  patient 
fails  to  notice  landmarks  by  which  he  could  later  find  his  way,  and 
by  which  he  could  construct  a  geographical  picture  of  his  surround- 
ings. In  attempting  to  count  objects,  too,  he  is  liable  to  miss  out  some 
owing  to  their  images  not  exciting  attention. 

Ocular  movements.  "There  were  also  abnormalities  of  the  eye 
movements  in  all  my  cases,  though  none  of  the  ocular  muscles  were 
paralyzed  and  the  pupillary  reflexes  were  preserved.  The  most  promi- 
nent of  these  symptoms  was  a  disturbance  of  fixation.  When  spoken 
to  suddenly  the  patient  first  stared  blankly  in  front  of  him,  and  then 
his  eyes  roamed  round  the  room  till  they  fell,  as  if  by  chance,  on  my 
face.  Similarly  it  was  only  after  some  time  and  searching  that  he 
could  bring  his  eyes  directly  to  an  object  on  one  side  of  liis  visual 
axes  at  which  he  Avas  asked  to  look.  Tliis  difficulty  in  fixation  was  a 
natural  consequence  of  defective  spatial  localization,  for  if  llie  posi- 
tion of  the  object  that  tlirew  its  image  on  the  periphery  of  the  retinjc 
could  not  be  recognized  the  eyes  could  not  be  moved  immediately  to 
it.  The  fact  that  most  of  tlie  patients  could  turn  their  eyes  promptly 
to  points  that  they  could  locate  in  space,  as  to  parts  of  their  own 
bodies  that  were  touched  or  to  objects  held  in  their  own  liands,  shows 
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that  in  these  cases  this  was  the  explanatiou  of  the  symptom.  But  as 
in  a  few  of  my  cases  and  in  others  that  have  been  recorded  the  sub- 
jects were  unable  to  deviate  their  eyes  directly  to  points  on  their 
owji  bodies  tliis  symptom  may  be  also  due  to  disturbance  of  the  central 
mechanism  of  the  ocular  movements,  a  disturbance  on  the  effective 
side  which  is  closely  parallel  to  the  perceptual  affection  on  the  sensory. 

"Accommodation  was  similarly  affected;  when  an  object  at  which 
they  gazed  was  approached  slowly  towards  their  faces  their  eyes 
failed  to  converge,  their  pupils  did  not  contract,  and  as  accommoda- 
tion did  not  occur  the  object  became  blurred  or  indistinct  when  nearer 
than  eight  inches  or  so.  This  was  also  mainly  due  to  the  spatial  per- 
ceptual disturbances,  but  as  some  of  the  patients  could  not  accommo- 
date on  their  own  fingers  accurately  an  affection  of  the  central  mech- 
anism that  controls  it  must  be  also  assumed. 

"The  blinking  reflex  was  also  abolished.  These  patients  never 
reacted  by  blinking  or  withdrawing  their  heads  when  anything  was 
suddenly  swung  towards  their  faces,  or  to  threatening  gestures.  In 
most  of  the  cases  this  was  probably  secondary  to  the  loss  of  spatial 
perception;  some  indeed  explained  that  they  did  not  recognize  the 
nearness  of  the  threatening  object,  but  in  others  the  cerebral  centers 
which  are  concerned  in  this  reflex  were  probably  involved. 

''Stereoscopic  vision,  or  the  power  of  recognizing  thickness  and 
depth  in  solid  objects,  was  severely  affected  in  only  one  of  my  patients. 
To  this  man  everything  appeared  flat  and  bidimensional ;  he  identified 
familiar  things  only  by  associating  their  areal  shape  with  previously 
acquired  experiences,  just  as  the  normal  person  interprets  drawings 
and  pictures  as  the  objects  they  represent.  He  described  a  man  who 
stood  in  front  of  him  as  flat,  'I  can  only  see  the  front  of  him,  I  do 
not  notice  that  he  is  thick ;  I  cannot  tell  the  depth  in  anything. ' 
A  box  seemed  to  him  a  piece  of  flat  cardboard,  no  matter  at  what 
angle  he  saw  it,  and  when  it  was  placed  in  his  hands  he  was  sur- 
prised to  discover  it  was  a  box.  And  a  glass  tumbler  looked  like  a 
bit  of  flat  glass  which  changed  in  shape  as  it  was  moved  about.  When 
he  was  placed  in  front  of  a  flight  of  steps  he  saw  only  a  number  of 
straight  lines  on  the  floor.  Eveiything  seen  was  flat,  nothing  had 
thickness  or  depth  in  it;  stereoscopic  vision  was  completely  abolished 
and  remained  so  till  he  passed  from  under  our  observation  three 
months  after  the  infliction  of  the  womid. 

Position  of  the  anatomical  lesions.  "In  all  my  eight  cases  the  con- 
dition described  above  was  associated  with  gunshot  wounds  of  the 
head  which  involved  the  posterior  and  upper  parts  of  both  parietal 
lobes.    Post-mortem  examinations  were  obtained  in  two  cases;  in  both 
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the  lateral  surfaces  were  injured  in  the  neighborhood  of  the  angular 
and  supramarginal  gyri,  while  the  missiles  passed  through  the  mesial 
surfaces  immediately  dorsal  or  posterior  to  the  splenium  of  the  corpus 
eallosum.  Craniometric  measurements  in  the  remaining  cases  indi- 
cated that  in  them  the  same  parts  of  the  brain  were  damaged.  As 
similar  symptoms  have  been  observed  in  cases  in  which  there  were 
vascular  lesions  limited  to  the  lateral  surfaces  of  the  hemispheres  in 
the  region  of  the  angular  gyri,  we  can  probably  attribute  the  disturb- 
ances of  visual  space  perception  to  destruction  of  this  portion  of  the 
parietal  association  area.  It  is  interesting  that  certain  observations 
made  thirty  years  ago  by  Sir  E.  Sharpey-Schafer  on  monkeys  from 
which  he  removed  the  angular  gyri,  can  now  be  interpreted  as  the 
result  of  alfection  of  space  perception,  similar  to  that  with  which 
my  patients  sutfered. 

"In  attempting  to  analyze  ihcse  symptoms  and  interpret  their 
nature  and  significance  we  must  consider  the  pliysiological  factors  on 
which  spatial  localization  by  sight  and  tridimensional  vision  depend. 
' '  The  simplest  case  is  localization  in  a  bidimensional  plane  repre- 
sented by  a  hollow  sphere,  the  centre  of  which  would  correspond  to  the 
pupil.  When  the  eye  is  focussed  on  any  point  on  this  sphere  the 
concave  surface  of  the  retina  receives  images  of  all  objects  that  lie  on 
the  arc  within  its  field  of  vision.  Then  we  can  recognize  the  relation 
in  space  of  any  one  of  these  objects  to  that  on  wliich  our  eyes  are 
directed,  and  the  relation  of  any  other  two  objects  on  this  arc  to  one 
another.  This  we  do  by  virtue  of  the  local  signs  of  the  stimulated 
retinal  points,  just  as  by  means  of  the  cutaneous  local  signs  we  can 
localize  any  contact  on  the  surface  of  our  body. 

"But  such  local  signs  can  serve  us  only  in  relative  localization  to 
some  central  point  or  to  our  visual  axes;  they  cannot  inform  us  of 
the  absolute  position  in  space  of  any  object  w'ith  reference  to  ourselves, 
as  they  take  no  account  of  the  position  of  our  eyes,  of  our  heads,  or 
even  of  our  whole  bodies.  This  additional  information  we  must  obtain 
from  proprioceptive  impressions  from  the  ocular  muscles,  from  our 
labyrinth,  and  from  the  muscles  of  our  bodies;  and  when  by  virtue  of 
these  we  can  become  aware  of  our  position  in  space  and  the  direction 
in  which  our  eyes  are  looking,  we  can,  by  using  the  retinal  local 
signs,  determine  the  absolute  position  in  space  of  the  object  we  see 
in  relation  to  ourselves.  Even  in  this  simple  case  the  association  of 
retinal  and  various  proprioceptive  afferents  is  necessary,  and  the  loss 
of  any  of  these  factors  may  disturb  this  function.  In  the  cases  de- 
scribed here,  the  atferents  from  the  labyrinths,  and  from  the  ocular 
and   other   muscles,    were    unimpaii'cd,    and    llio    synii)toms   must    be 
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attributed  either  to  a  disturbance  of  the  local  sign '  functions  of  the 
retina,  or  to  the  failure  of  the  brain  to  associate  and  integrate  these 
with  other  afferent  impressions.  Many  direct  observations  showed 
that  the  retinal  local  signs  were  affected. 

"We  have  to  deal  with  a  more  complex  condition  in  considering 
the  perception  of  distance,  as  there  are  several  other  factors  con- 
cerned in  this.  Binocular  vision  undoubtedly  plays  a  part,  and  the 
proprioceptive  impressions  from  the  intrinsic  and  extrinsic  ocular 
muscles  that  are  excited  by  accommodation  and  convergence  con- 
tribute to  it  when  the  object  is  near.  The  estimation  of  distance  is 
also  aided  by  the  apparent  size  of  known  objects,  by  their  distinctness 
and  light  intensity,  and  by  the  parallax  that  is  obtained  on  move- 
ment of  either  our  heads  or  of  the  objects.  There  is  no  evidence  that 
any  of  these  separate  factors  were  disturbed  in  my  cases.  The  inability 
to  estimate  distance  must  be  ascribed  to  failure  to  correlate  and  asso- 
ciate the  various  afferent  impressions  on  which  perception  of  the 
third  dimensions  may  be  based,  and  to  assimilate  them  with  past 
experiences  and  thereby  supply  to  consciousness  the  data  on  which 
a  correct  intellectual  judgment  can  be  made. 

"Loss  of  stereoscopic  vision  might  be  regarded  as  a  natural  con- 
sequence of  inability  to  appreciate  relative  distances  since,  it  might 
be  argued,  this  would  make  it  impossible  to  discriminate  the  depths 
of  the  different  portions  of  a  tridimensional  figure.  But  stereoscopic 
vision  was  affected  in  only  one  of  the  eight  cases  in  M'hich  the  per- 
ception of  distance  was  seriously  disturbed.  The  physiological  factors 
on  which  it  depends  have  been  the  subject  of  much  discussion;  the 
appreciation  of  relative  distance,  difference  in  light  and  shade,  the 
parallax  and  the  sense  of  perspective,  all  undoubtedly  play  a  part, 
but  it  is  to  the  fusion  of  the  non-corresponding  images  formed  in  the 
two  eyes  and  their  integration  with  these  other  sensory  data  into  a 
single  concept  that  we  mainly  owe  the  appreciation  of  depth  in  objects 
seen.  There  was  no  gross  disturbance  of  any  of  these  individual  fac- 
tors in  my  cases  except  the  appreciation  of  relative  distance,  which 
the  intact  faculty  of  stereoscopic  vision  in  the  other  cases  shows  was 
not  sufficient.  An  affection  of  the  sense  of  perspective  may  have  con- 
tributed, but  as  this  faculty  is  of  intellectual  origin  and  acquired  by 
training  and  experience,  we  are  ultimately  forced  to  regard  loss  of 
stereoscopic  vision,  too,  as  the  result  of  a  failure  to  combine  and 
associate  the  different  sensations  on  which  the  appropriate  intellectual 
judgments  can  be  made,  rather  than  as  due  to  the  loss  of  any  of 
the  physiological  factors  on  which  it  depends." 
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Visual  tract.  See  Intracranial  organs  of  vision,  p.  G7A1,  Vol.  IX  of 
this  Encyclopedia. 

Visual  white.  A  term  applied  occasionall}-  to  the  pigment  of  the  retina 
in  a  fully  solarized  condition. 

Visual  yellow.  A  term  sometimes  applied  to  the  pigment  of  the  retina 
in  a  partially  solarized  condition. 

Visuo-auditory.  Both  visual  and  auditory  ;•  pertaining  to  sight  in  asso- 
ciation with  hearing,  or  to  their  centers. 

Visuometer.    An  instrument  for  measuring  the  range  of  vision. 

Alfred  Smee  (Eye  in  Health  and  Disease,  1854)  devised  an  instru- 
ment under  this  name  which  he  employed  for  determining  the  range 
of  accommodation  and  convergence.  This  device  is  constructed  upon 
the  principle  laid  down  by  Hawkins.  A  description  of  Smee's  visu- 
ometer is  given  by  Bonders  {Accommodation  and  Refraction,  p.  116). 

Visuopsychic.  Visual  and  psychic;  a  term  applied  to  that  area  of  the 
cerebral  cortex  concerned  in  the  judgment  of  visual  sensations. 

Visuosensory.    Pertaining  to  the  perception  of  visual  impressions. 

Visus  reticulatus.  Cribriform  field  of  visiox.  See  p.  3560,  Vol.  V 
of  this  Encyclopedia. 

Vitali  ink.  A  thick  mixture,  Avhich  when  used  in  writing  fonus  elevated 
ridges  capable  of  being  read  by  the  finger-tips  of  the  blind. 

Vitamin.  One  of  a  class  of  substances  of  unknown  composition,  exist- 
ing in  minute  quantity  in  natural  foods  and  necessary  to  normal  nutri- 
tion and  growth,  the  absence  of  which  from  the  diet  produces  deficiency 
diseases,  such  as  beriberi,  scurvy  and  rachitis. 

Vitello,  Filius  Thuringorum  et  Polonorum.  A  13tli  century  optician, 
and  author  of  a  large  volume  on  optics,  which  is  merely  a  compihilion 
from  the  Arab,  Alhazen    (Ibn  al-Haitam). —  (T.  H.  S.) 

Vitesse.     (F.)     Velocity. 

Vitiligo.  A  disease  of  the  skin  characterized  by  the  formation  of 
smooth,  light-colored  patches.  It  is  most  frequently  seen  in  youth 
and  adult  life.  Some  cases  are  probably  syphilitic.  See  John  E. 
Lane  {Journ.  Am.  Med.  Assocn.,  p.  27,  July  5,  1919). 

A  good  account  of  the  ocular  aspects  of  this  disease  is  furnished 
in  a  review  {Oph.  Review,  May,  1911)  of  the  papers  of  Paul  Erdmann 
{Klin.  MonatsU.  f.  AiigenJieilk.,  p.  129,  Vol.  49,  1911)  and  J.  Komoto 
{Klin.  MonatsU.  f.  Augcnheill^.,  p.  139,  1911).  The  latter  writer 
describes  an  instance  in  a  healthy  Avoman  aged  33;  diminution  of 
vision  and  photophobia  in  both  eyes  set  in  suddenly,  with  headache 
and  slight  fever.  Three  weeks  later  the  patient  noticed  that  the  eye- 
lashes on  both  sides  had  become  white.  AVhen  seen  about  five  months 
later  patches  of  vitiligo  were  also  present  on  the  backs  of  the  hands 
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aud  feel.  Vision  K.  aud  L.  {)/12.  Fields  normal.  Anterior  paris 
of  the  ej'^es  normal.  In  the  vitreous  there  was  some  line  dusty  opacity. 
The  nerve  "vvas  slightly  pale.  The  choroid  showed  a  very  notable 
diminution  of  pigment  in  its  whole  extent,  the  fundus  being  almost 
albinotic,  but  with  a  generalized  scattering  of  fine  pigment,  and  with 
larger  round  and  linear  areas  here  and  there,  especially  in  the  macula 
and  round  the  papilla.     Photophobia  was  still  present. 

In  Erdmann's  case,  although  there  were  points  of  similarity,  in- 
flammatory symptoms  were  more  prominent.  The  disease  began  Avith 
night-blindness,  and  six  months  later  a  chronic  choroido-retinitis  with 
vitreous  opacity  was  added.  The  fundus  round  the  papilla  was  semi- 
albinotic.  Vitiligo  began  about  the  same  time  as  the  eye  symptoms, 
ran  a  course  roughly  parallel  with  them,  and  improved  with  their 
subsidence.  No  other  cause  of  the  ocular  symptoms  could  be  found, 
and  the  Wassermann  reaction  was  negative. 

Is  the  evidence  in  these  cases  sufficient  to  exclude  coincidence?  At 
first  sight  it  is  difficult  to  believe  that  a  very  chronic,  apparently  non- 
inflammatory disease  like  vitiligo  could  have  any  intimate  causal  rela- 
tionship with  definite,  and  even  moderately  acute,  signs  of  inflamma- 
tion in  the  eye.  On  the  other  hand  the  contemporaneous  depigmen- 
tation of  the  skin  and  choroid  in  Komoto's  case  is  certainly  remark- 
able ;  the  association  of  bleaching  of  the  eyelashes  with  sympathetic 
ophthalmitis  is  mentioned  by  Komoto  as  an  illustrative  analogy,  and 
he  also  quotes  a  case  in  which  the  hair  of  the  forehead  over  a  sym- 
pathizing eye  became  white ;  it  is  said  also,  but  the  observation  seems 
to  be  doubtful,  that  slight  inflammatory  changes  have  been  found  in 
the  skin  in  vitiligo.  On  the  wliole  therefore  it  would  seem  that  a 
specific  relationship,  most  probabh'  a  common  dependence  on  some 
nervous  influence,  is  not  iuconsiderately  to  be  excluded. 

A  more  doubtful  case  of  Gilbert's  is  quoted,  in  wiiich  vitiligo  was 
associated  with  doul)le  optic  neuritis  and  a  nodular  foi'm  of  iritis.  The 
patient  had  a  carcinoma  of  the  axilla.  Gilbert's  suggestion  that  the 
iritis  and  optic  neuritis  were  "herpetic"  in  origin  had  rather  a 
fanciful  sound,  but  perhaps  emphasizes  the  same  idea,  that  tlie  ocular 
conditions  are  a  tropho-neurosis. 

K.  Steindorff  (Klin.  Monaishl.  f.  Augcnheilk.,  53,  p.  188)  describes 
a  case  of  vitiligo  of  the  lids  and  poliosis  after  a  contusion.  A  woman, 
aged  25,  sustained  at  the  age  of  about  4  years,  a  contusion  on  the 
left  side  of  the  forehead,  without  hemorrhage.  After  some  time  the 
hair  at  the  vertex  in  an  area  of  the  size  of  the  tip  of  a  finger,  and  a 
vertical  strip  of  the  skin  of  the  forehead,  1  cm.  wide,  became  white. 
Then  the  corresponding  portions  of  the  eye])row,  skin  of  tlie  upper  lid, 
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unci  tiic  iaslies  o£  Imth  lids  turned  Avhitc.  .Soon  the  .hair  regained  its 
former  color  and  after  a  few  years  the  skin  of  the  forehead  became 
normal,  but  the  eyebrow,  skin  of  the  lids,  and  lashes,  remained  light. 
Microscopically  the  cortex  ol!  the  epilatcd  lashes  contained  not  a  trace 
of  pigment.  The  medullary  substance  appeared  as  a  dark  strip  com- 
posed of  very  fine  dots,  which  disappeared  in  hot  water,  showing  that 
these  were  not  pigment  granules,  but  air. 

Vitiligo  and  canities  of  the  lashes  after  blunt  injury,  as  in  this 
case,  has  never  been  observed  before,  and  there  is  only  one  publica- 
tion on  traumatic  vitiligo  by  Chajes.  The  writer  assumes  a  tropho- 
neurotic affection,  due  to  disturbances  of  blood  and  lymph  circulation 
caused  by  the  lesion  of  the  trophic  nerves  of  the  forehead.  This  is 
supported  by  a  case  of  Cassirer  who  saw  in  a  nervous  woman,  aged 
20,  of  a  nervous  family,  after  a  strain  combined  with  fright,  left- 
sided  ptosis,  miosis  and  sudden  canities  of  the  medial  portion  of  the 
eyebrows,  lashes  and  the  thin  and  scanty  hairs  of  a  mustache.  The 
oculopupillary  symptoms  disappeared,  but  the  canities  remained. 

Demaria  {Arch,  de  Oft.  Hispan.-Am.,  July,  1917)  observed  two 
cases  of  severe,  bilateral  uveitis  in  two  patients  affected  with  vitiligo. 
In  a  man  aged  18,  the  coincidence  of  the  ocular  condition  and  the 
vitiligo  was  so  marked,  that  it  would  have  been  easy  to  correlate  both 
conditions.  In  a  woman  aged  43  j^ears,  the  uveal  inflammation  started 
six  years  after  the  beginning  of  the  vitiligo  and  was  very  severe. 
However  a  general  examination  did  not  show  other  pathologic  condi- 
tions to  which  the  ocular  condition  could  be  referred.  In  the  first 
case  a  tuberculin  injection  gave  a  strong  positive  general  and  local 
reaction,  and  in  the  second  case  the  Wassermann  was  positive. 

Demaria  thinks  that  the  vitiligo  had  nothing  to  do  with  the  eye 
trouble,  but  was  a  mere  coincidence;  and  that  the  tuberculin  and  "Was- 
sermann  tests  show  the  true  nature  of  the  disease.  He  even  doubts  if 
in  the  cases  reported  by  Gilbert  in  1901,  and  Erdmann  and  Komoto  in 
1911,  there  was  observed  a  true  rclationsliip  between  the  vitiligo  and 
the  optic  neuritis  and  uveitis  and  choroiditis,  or  if  they  were  of  other 
origin;  because,  except  in  the  case  of  Erdmanu,  diagnostic  tuberculin 
injections  were  not  made.  Additional  clinical  observations  are  neces- 
sary to  settle  this  question.  See,  also,  Leukoderma. 
Vitiligoidea.     See  Xanthelasma. 

Viton's  tuberculin  test  and  treatment.  The  "Argentine  method"  of 
giving  extremely  minute  doses  of  tuberculin  has  been  repeatedly 
mentioned.  Viton  (Scmana  MMica,  April  22,  1920;  abst.  J.  A.  M.  A., 
Sept.  4,  1920)  insists  that  in  applying  the  tuberculin  test  it  is  as  im- 
portant to  avoid  an  apprecia])le  local  reaction  as  a  general  febrile  reac- 
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tion,  as  both  do  serious  damage.  The  optimal  dose  has  to  be  deter- 
mined tentatively  for  each  individual.  The  diagnostic  reaction  is  when 
there  is  a  decided  improvement  in  the  focus,  not  an  aggravation.  This 
decided  improvement  in  the  focus  and  in  the  general  condition  is  main- 
tained by  continuing  the  optimal  dose  until  its  effect  is  exhausted,  and 
then  increasing  the  dose  a  little.  He  argues  that  as  statistics  show 
that  nearly  every  one  of  us  is  tuberculous,  this  infection  must  be  a 
factor  in  many  affections  in  which  hitherto  tuberculosis  has  not  been 
incriminated.  By  his  method  of  tuberculin  treatment  in  extremely 
minute  doses,  this  factor  is  eliminated  more  or  less  completely,  and  the 
system  is  then  able  to  throw  off  the  whole  affection. 

Dilutions  of  the  tuberculin  from  1 :100,000,000  to  the  figure  with 
fifteen  zeros  are  what  he  uses  in  the  subacute  and  chronic  rheumatism 
of  Poncet,  neuralgias,  dorsal  myalgias,  disordered  heart  action,  arrhyth- 
mia and  functional  disturbances  of  various  kinds  without  much  im- 
pairment of  the  general  health,  and  in  all  cases  of  mild  impregnation 
with  tuberculous  toxins  with  little  if  any  derangement  of  the  meta- 
bolism. This  is  the  ' '  tolerant  group ' '  of  patients.  The  ' '  sensitive  group ' ' 
includes  external  glandular  processes,  paratuberculosis,  dyspepsia,  en- 
docrine derangement  (exophthalmic  goiter,  hyperthyroidism,  ovarian 
disturbances,  etc.),  diabetes,  neuritis,  and  lesions  of  the  eyes.  In  this 
group  he  uses  dilutions  of  the  tuberculin  with  from  fifteen  to  twenty 
zeros.  His  third  group  embraces  asthma,  tuberculous  nephritis,  mild 
tuberculous  toxemia  and  incipient  apical  disease.  This  group  is  treated 
Avith  dilutions  of  from  twenty-one  to  twenty-six  zeros.  The  fourth  group, 
the  "hypersensitive,"  includes  frankly  febrile  lesions  and  softening  and 
cavity  formation  in  the  lungs.  In  this  group  he  uses  the  tuberculin 
diluted  to  twenty-seven  zeros.  AVith  these  minute  doses  of  tuberculin 
the  organism  is  helped,  not  damaged  at  first  before  help  is  applied,  as  is 
the  case  with  ordinary  tuberculin  treatment.  He  advises  a  tentative 
course  of  the  kind  in  every  i^atliologic  condition  which,  contrary  to 
expectation,  shows  no  tendencj^  to  recovery  under  persevering  classical 
treatment.  Also  in  every  sIoav  chronic  sjnidrome  of  whatever  nature, 
and  every  pathologic  condition  for  which  no  definite  cause  can  be 
discovered.  He  has  had  great  success,  he  relates,  in  tuberculous  affec- 
tions of  the  eyes  rebellious  to  all  other  measures,  including  tuberculin 
by  the  ordinary  excessive  dosage.  It  does  not  conflict  with  other 
treatment,  and  systematic  prophylaxis  by  this  means  in  jails,  schools 
and  factories  might  modify  the  predisposition  to  phthisis  and  thus 
ward  it  off. 
Vitreo capsulitis.  (Obs.)  Inflammation  of  the  capsule  inclosing  the 
vitreous ;  hyalitis. 
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Vitreous.  Vitreous  humor.  Vitreous  body.  Corpus  vitreum.  Vit- 
REUM.  The  onatomy  and  histology  of  the  vitreous  are  described  on 
p.  377,  Vol.  I  and  on  p.  5964,  Vol.  IX  of  this  Encyclopedia. 

It  may  be  further  remarked  that  the  important  que.stion  of  vitreous 
drainage  into  the  lymph  channels  of  the  optic  nerve  is  discussed  by 
Behr  (Graefe's  Archiv.  f.  OpMlialm.,  Vol.  83,  No.  3,  1912).  Into  each 
of  six  patients,  the  vitreous  of  an  eye  which  was  doomed  to  enucleation 
was  injected  at  an  interval  of  from  ten  minutes  to  one  hour  before 
operation  with  a  solution  of  metliylene-blue,  or  in  one  case  with  an 
emulsion  of  India-ink.  To  prevent  acute  rise  of  tension,  an  equal 
amount  of  fluid  was  withdrawn  from  the  anterior  chamber.  There 
was  no  leakage  irom  the  punctures.  Immediately  after  enucleation 
the  optic  nerve  was  cut  from  the  globe  at  the  lamina  cribrosa,  and  both 
cut  surfaces  examined  for  coloring  matter  under  the  binocular  micro- 
scope. The  nerve  was  further  examined  in  frozen  sections.  In  no 
instance  did  the, nerve  or  its  sheaths  show  any  trace  of  staining.  Injec- 
tion of  the  optic  nerves  of  cadavers  with  methylene-blue,  on  the  other 
hand,  failed  to  produce  any  staining  of  the  vitreous,  although  the 
staining  fluid  penetrated  between  the  nerve-fibers  into  the  disk  and  the 
surrounding  retina,  as  well  as  through  the  perivascular  spaces  of  the 
central  vein  and  its  branches  far  beyond  the  equator  of  the  eyeball. 
Behr  therefore  concludes  that  in  man  there  is  no  connnunication  be- 
tween the  vitreous  and  the  optic  nerve.  Arguing  further  that,  if  such 
a  drainage  system  existed,  the  stasis  of  choked  disk  should  be  expected 
to  increase  intra-ocular  tension,  he  measured  with  the  tonometer  the 
tension  of  a  number  of  cases  of  papillitis.  In  each  instance  the  read- 
ing was  below  18  mm.  of  Hg. 

L.  Koeppe  {Archiv.  f.  Ophthalm.,  p.  199,  Vol.  97,  1919)  with  the 
Nernst-Gullstrand  light  and  corneal  microscope  does  not  find  the  pres- 
ence of  a  hyaline  membrane  in  the  posterior  half  of  the  vitreous,  but 
there  appears  to  be  merely  a  thickening  of  the  posterior  marginal  layer 
similar  to  that  in  the  anterior  portion  of  the  vitreous. 

Vitreous,  Artificial.  A  terra  applied  to  any  substitute  for  the  vitreous, 
eitlier  in  llie  treatment  of  intraocular  conditions  (usually  in  the  form 
of  intravitreous  injection)  or,  after  evisceration,  the  sub.stitution  of 
a  glass  ball,  etc.,  to  form  a  support  for  a  prothesis.  See  p.  4429,  Vol. 
VI  of  this  Encyclopedia;  as  well  as  Vitreous  replacement. 

Vitreous,  Bisection  of  the.  The  name  given  by  II.  Deutschmann  {Biit- 
rage  zur  AugcnJuilk.,  20,  1895)  to  an  operation  for  retinal  detachment. 
See  Retina,  Detachment  of  the. 

Vitreous  cataract.  An  obsolete  term  formerly  used  to  describe  the  re- 
sult of  a  chronic  inflammatorv  condition  of  the  vitreous  with  dense 
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opacities  involving  the  posterior  capsule  and  sometimes  tlie  posterior 
layers  of  the  lens. 
Vitreous   chamber.     The  cavity  posterior  to  the  lens  and  suspensory 

ligament  and  occupied  by  the  vitreous  body. 
Vitreous,  Cholesterin  in  the.     See  Cholesterin,  p.  2117,  Vol.  Ill,  and 

Synchisis  scintillans,  in  this  Encyclopedia. 
Vitreous,  Coloboma  of  the.     This  is  a  rare  congenital  anomaly  which 
appears  as  a  cleft  in  the  under  part  of  the  vitreous  body,  extending 
in  the  most  marked  instances  from  the  optic  papilla  to  the  ciliary 
region,  while  in  lighter  grades  it  occupies  only  the  anterior  or  posterior 
part  of  the  vitreous.— (J.  I\I.  B.)     See,  also,  p.  2910,  Vol.  IV  of  this 
Encyclopedia. 
Vitreous,  Cysticercus  of  the.     Sec  Vitreous,  Parasites  of  the. 
Vitreous  detachment.    See  Detachment,  Vitreous,  p.  3858,  Vol.  V ;  also 

see  this  sub-head  under  Retina,  Detachment  of  the,  herein. 
Vitreous,  Development  of  the.  This  subject  has  already  been  treated 
on  p.  3893,  Vol.  V  of  this  Encyclopedia.  Here  it  may  be  said  that 
the  most  extensive  and  recent  investigations  of  the  subject  have  been 
made  by  Mawas  and  Magitot.  See  Ophiluil.  Year-Books  for  1912, 
1913  and  1914.  In  their  earliest  studies  these  investigators  concluded 
that  there  is  a  vitreous  body  exclusively  of  retinal  origin,  developed 
before  it  is  penetrated  by  blood-vessels.  With  the  entrance  of  the 
blood-vessels  into  the  vitreous,  at  about  the  eighth  week,  and  with  the 
formation  of  the  crystalline  lens,  mesoblastic  elements  penetrate  this 
original  vitreous,  and  a  temporary  vitreous  body  of  mixed  ectodermic 
and  mesodermic  origin  is  formed.  Subsequently,  with  the  hyaloid 
vessels,  this  temporary  vitreous  disappears;  and  is  replaced  by  the 
permanent  vitreous,  which  is  of  retinal  origin  and  largely  a  develop- 
ment of  the  ciliary  portion  of  the  retina.  The  vitreous  developing 
in  this  way,  they  believe,  there  is  no  true  hyaloid  membrane ;  but  that 
the  external  limiting  membrane  is-  composed  of  the  bases  of  neuroglia 
cells  derived  from  the  retina.  Such  a  scheme  of  development  marks 
the  eye  as  more  clearly  an  off-shoot  of  the  central  nervous  system.  The 
retinal  origin  of  the  vitreous  also  explains  the  intimate  association 
of  vitreous  and  retinal  opacity  and  hemorrhage. 

They  also  hold  that  the  vitreous  is  of  ectodermal  origin,  and  is 
divided  in  its  development  into  three  stages,  tlie  primordial,  transitory 
and  final.  The  first  is  a  product  of  the  marginal  zone  of  the  em- 
bryonal retina,  hence  of  the  inner  layer  of  the  secondary  optic  vesicle. 
The  hyaloid  system  of  vessels  appears  at  the  beginning  of  the  fourth 
week  and  almost  fills  the  interior  of  the  eye,  a  number  of  connective- 
tissue  cells  are  forced  in  with  it  and  form  the  anterior  mesoderm  plate, 
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having  a  vessel-forming'  part  solely.  The  trausitory  vitreous  is  marked 
by  a  mantle  of  neuroglia  which  appears  at  the  end  of  the  eighth  Aveek, 
envelops  the  hyaloid  vessels,  and,  like  the  latter  has  only  a  transient 
existence.  Toward  the  end  of  the  tenth  week,  at  the  time  of  the 
greatest  development  of  the  transitorj^  vitreous,  a  very  lively  retinal 
development  sets  in,  Mueller's  cells  proliferate  and  send  out  a  dense, 
delicate  fibrillary  network  into  the  interior  of  the  eye.  From  the  third 
month  the  central  canal  is  formed  from  the  transitory  vitreous  which 
steadily  retrogresses.  With  the  vessels  disappears  also  the  neuroglia 
tissue,  traces  of  whicli  can  often  be  seen  in  front  of  the  papilla.  The 
entire  optic  retina  takes  part  in  the  formation  of  the  final  vitreous 
fibers,  even  the  ciliary  portion  developing  a  lively  activity.  The  latter 
creates  the  greater  part  of  the  anterior  vitreous  fibers,  as  well  as  the 
fibers  of  the  zonula,  the  first  rudiments  of  which  can  be  seen  in  the 
third  fetal  month.  The  final  vitreous  also  comes  from  the  development 
and  further  growth  of  the  primary  vitreous,  which  was  transiently 
hidden  by  the  development  of  the  transitory  vitreous.  Of  the  ciliary 
retina  only  the  layer  of  the  non-pigmented  cells  takes  part  in  the 
formation  of  the  zonula,  the  latter  has  therefore  an  exoplastic  genesis. 
Toward  the  end  of  the  third  month  the  transitory  vitreous  is  gradually 
compressed  and  absorbed  by  the  final  part ;  parts  of  it  are  still  present 
in  the  center  of  the  eye  at  the  end  of  the  seventh  mo^ith.  There  is  at 
no  time  an  empt,y  space  between  the  two  formations;  a  true  central 
canal  exists  neither  at  this  time  nor  later.  It  would  appear  from 
this  mode  of  development  that  in  man  neither  a  hyaloid  membrane,  nor 
an  internal  limiting  membraiie  of  the  retina  exists,  and  that  because 
of  its  direct  retinal  origin  the  vitreous  as  well  as  the  retina  is  to  be 
looked  upon  as  a  part  of  the  central  nervous  system. 

Franz  accepts  the  views  of  Mawas  and  Magitot  of  the  ectodermal 
origin  of  ihc  vitreous.  His  theory  is  that  it  is  to  be  regarded  embryo- 
logically  as  a  greatly  developed  and  structurally  modified  basal  mem- 
l)rane  derived  from  tlie  retinal  cells.  If  so,  it  necessarily  follows  that 
wlioii  the  fetal  cleft  remains  open,  a  cleft  of  the  vitreous  must  also 
result.  lie  claims  tliat  tliis  can  be  demonstrated  in  teleostean  fishes 
in  which  the  cleft  remained  open  permanently  to  give  passage  to  the 
falciform  process.  Again,  if  his  theory  be  correct,  it  follows  after  the 
cleft  has  closed,  the  original  cavity  of  the  secondary  optic  vesicle  must 
be  represented  not  by  the  vitreous  cavity,  but  by  the  canal  of  Stilling. 
It  is  along  this  canal  that  the  pecten  of  the  bird's  eye  runs,  but  the 
author  admits  that  no  channel  is  traceable  beyond  its  free  end. 

Franz  believes  that  the  mammalian  canal  of  Stilling,  the  pecten  of 
the  l)ird,  and  the  processus  falciformis  of  the  fish  are  not,  as  is  often 
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stated,  homologous.  The  canal  of  Stilling  is  a  remnant  of  the  cavity  of 
the  secondary  optic  vesicle,  the  pecten  of  a  neuroglial  proliferation 
into  tliis  cavity,  and  the  processus  falciformis  the  turned-in  edges  of 
a  persisting  fetal  cleft,  Avith  the  mesoderm  between  them.  As  regards 
the  pecten,  it  might  be  suggested  that  since  it.  contains  numerous 
vessels,  the  mesoderm  as  Avell  as  the  neuroglia  must  share  in  its  forma- 
tion. 

Calderaro  (Oph.  Year-Bool',  p.  228,  1912)  has  carefully  studied  the 
enibryology  of  the  axial  vitreous,  including  the  hyaloid  arteiy,  the 
papillary  sheath,  and  the  hyaloid  canal.  The  artery  can  be  recognized 
as  a  branching  trunk  extending  forwards  towards  the  lens  in  the 
embryo  of  the  twelfth  week.  Its  distal  portion  bends  downward  and 
towards  the  nasal  side.  Regi-essive  changes  begin  in  the  fifth  month. 
In  the  sixth  month  the  circulation  ceases  and  the  replacing  cord  of  the 
seventh  month  disappears  in  the  eighth  or  ninth  month.  The  pre- 
papillary  mass,  which  Magitot  and  Mawas  compare  to  a  muff  surround- 
ing the  artery,  becomes  transparent  as  the  vessel  disappears.  The  hya- 
loid canal  was  recognizable  in  the  fifteenth  week,  passing  forward 
and  spreading  like  a  funnel  to  the  back  of  the  lens.  Its  section  is  oval 
with  the  long  axis  vertical.  In  the  fourth  month  it  begins  to  narrow 
and  to  shrink  back  towards  the  disk. 

Vitreous,  Entozoa  in.    See  Vitreous,  Parasites  of  the. 

Vitreous,  Examination  of  the.  The  lens  being  clear,  the  anterior  part 
of  the  vitreous  can  be  examined  by  the  oblique  method.  Practically 
the  ophthalmoscope  is  necessary  in  the  examination  of  this  humor. 

AVith  a  dilated  pupil  gross  changes  can  be  seen  by  using  a  concave 
retinoscopy  mirror  of  twenty-five  centimetres'  focus.  If  the  vitreous 
is  opaque  in  spots,  it  will  be  necessary  to  determine  whether  the  opaci- 
ties are  floating  or  fixed.  The  patient  is  told  to  move  the  eye  quickly 
up,  then  down,  and  he  is  then  to  stop  suddenly  at  the  middle  line. 
This  will  cause  floating  bodies  to  move.  This  maneuver  show^s  large 
opacities  plainly,  but  small,  dust-like  spots  can  best  be  seen  by  the 
direct  method  of  ophtlialmoscop.y.  Fixed  opacities  must  be  studied  by 
the  same  method.  The  localization  of  foreign  bodies  in  the  eye  by  the 
use  of  the  x-rays  lias  come  to  be  of  great  value. —  (J.  M.  B.)  See,  also. 
Examination  of  the  eye. 

Vitreous,  Fluid.  Synchisis  corporis  vitrei.  This  condition  arises  as 
one  of  the  results  of  choroiditis  or  retinitis,  and  is  found  in  high 
myopia  by  reason  of  the  fact  that  in  these  conditions  the  nutrition  of 
the  vitreous  is  disturbed.  Under  these  circumstances  the  vitreous  body 
becomes  a  thin  fluid  of  a  straw  color.  In  cataract  extractions  it  is 
sometimes  observed  that  considerable  watery  fluid,  in  excess  of  the 
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amount  of  aqueous,  flows  out  of  the  wound.  In  such  patients  the  an- 
terior part  of  the  vitreous  has  become  thin.  With  diminished  con- 
sistency there  may  be  shrinkage  of  the  vitreous.  The  anterior  chamber 
may  be  increased  in  depth  from  a  backward  movement  of  the  lens, 
and  detachment  of  the  retina  may  be  present.  According  to  Griffith, 
in  cases  of  fluidity  of  the  vitreous  the  ocular  tension  is  more  often 
increased  than  diminished.  Tremulousncss  of  the  iris  is  often  present 
in  this  disease.  The  condition  does  not  admit  of  successful  treatment. 
(J.  M.  B.)  See,  also,  Synchisis  corporis  vitrei. 
Vitreous,  Foreign  bodies  in  the.  This  subject  has  been  freely  dis- 
cussed under  numerous  appropriate  headings  in  this  work.  See  Mili- 
tary surgery  of  the  eye,  and  the  War  captions,  also  and  especially, 
p.  5268,  Vol.  VII  and  the  references  thereunder.  A  few  additional 
observations  are  made  here. 

Copper  fragments  in  the  vitreous.  See  Copper  in  the  eye,  p.  3309, 
Vol.  V  of  this  Encyclopedia.  Additional  references  are  here  given. 
T.  von  Speyr  {Klin.  MonatsM.  f.  Augenhcilk.,  53,  p.  195,  1916)  reports 
the  removal  of  a  piece  of  copper  from  the  vitreous.  The  left  eye  of 
a  man,  aged  21,  was  injured  in  the  forenoon  by  explosion  of  a  cart- 
ridge capsule.  V=0.5  The  cornea  showed  a  fine  linear  injury,  the 
iris  an  irregular  hole,  1  mm.  square,  the  lens  a  corresponding  opacity, 
and  the  vitreous  a  light-yellow,  metallic  lustre.  In  the  evening,  under 
illumination  of  a  Nernst  lamp,  a  small  pair  of  forceps  with  excavated 
ends  were,  under  local  anesthesia,  twice  introduced  through  a  meri- 
dional section  of  the  sclera,  7  mm.  long,  between  the  lateral  and  in- 
ferior rectus,  after  previous  dissection  of  the  conjunctiva,  but  did  not 
grasp  the  foreign  body.  After  the  second  attempt  the  copper  frag- 
ment appeared  in  the  wound  evidently  following  the  traction  of  the 
vitreous,  caused  by  the  withdrawal  of  the  forceps.  The  writer  empha- 
sizes this  point,  as  perhaps  the  current  of  fluid  may  in  similar  cases 
suffice  for  extraction  of  a  foreign  body,  so  that  it  will  not  be  abso- 
lutely necessary  to  seize  it,  as  repeated  attempts  entail  considerable 
damage  to  the  vitreous  tissue. 

The  Avound  was  closed  with  scleral  and  conjunctival  sutures.  Seven 
weeks  later  the  cataract  was  extracted.  There  were  no  opacities  of  the 
vitreous.  SteindorfP  advises  extraction  of  the  foreign  body  as  early 
as  possible,  and  not  to  wait  for  fonnation  of  exudates. 

Reese,  also,  who  observed  cataract  from  injury  to  the  lens  by  a 
piece  of  copper  from  an  explosion,  extracted  the  fragment,  which  was 
seen  floating  in  the  vitreous.  The  patient  was  put  in  the  knee-chest 
position,  when  the  foreign  body  fell  into  the  anterior  chamber,  from 
which  it  was  removed  Avith  forceps. 


13658  VITREOUS,  FOREIGN  BODIES  IN  THE 

Inasmuch  as  copper  remaining  in  the  interior  of  the  eye  is  almost 
certain  to  destroy  the  sight,  any  method  of  extracting  this  and  other 
non-magnetic  metallic  bodies  would  be  of  service.  To  accomplish  this 
after  very  exact  localization,  Weve  has  had  constructed  a  steel,  copper- 
plated  forceps,  except  at  the  point  and  inner  surface  of  the  branches, 
such  that  a  noise  is  elicited  when  the  instrument  comes  in  contact  with 
the  copper.  The  mechanism  can  be  understood  only  by  those  who  are 
familiar  with  the  theory  and  construction  of  the  telephone,  on  the 
l)rinciple  of  which  the  method  is  based.  The  inventor  appears  to  have 
had  no  actual  experience  Avith  his  forceps  other  than  experiments  in 
salt  solutions  corresponding  in  content  with  that  of  the  vitreous.  In 
such  experiments  very  minute  pieces  of  coi)per  were  distinctly,  though 
faintly,  ascertainable. 

Jn  the  removal  of  shot  Knnz  proceeds  as  follows:  In  all  cases  of 
suspected  foreign  body  the  region  is  first  transillumined  and  two  skia- 
grams taken  in  two  positions  at  right  angles  to  one  another.  The  hori- 
zontal plane  in  which  the  foreign  body  is  located  is  then  marked  with 
a  colored  pencil  on  the  skin.  This  plane,  which  may  be  termed  the 
plane  of  the  foreign  body,  is  of  special  importance :  errors  above  or 
below  it  are  excluded;  the  line  previous^  marked  (after  treating  the 
field  of  operation  with  iodin)  is  painted  with  a  50  per  cent,  silver 
solution  which  causes  it  to  show  plainly  in  white.  The  incision  is 
now  made  at  right  angles  to  the  plane  of  the  foreign  body,  and  so  as  to 
bisect  the  same.     This  constitutes  coarse  orientation. 

In  the  case  of  small  foreign  bodies  the  writer  proceeds,  if  necessary, 
to  a  method  for  more  exact  orientation.  A  thick  piece  of  copper  wire 
is  sutured  into  the  bottom  of  the  wound  and  two  additional  skiagrams 
are  taken  so  that  the  projectile  can  always  be  easily  found.  For  the 
skiagram  not  the  ordinary  plates  but  bromicized  silver  paper  is  em- 
ployed :  the  latter  permits  tlie  operation  to  be  continued  with  but  little 
loss  of  time.  For  the  determination  of  the  plane  of  the  foreign  body 
it, is  indispensable  that  the  Roentgen  tube  be  exactly  centered  in  order 
that  the  central  ray  may  be  perfectly  horizontal.  To  obtain  accurate 
results,  the  operator  must  always  have  a  clear  idea,  during  the  Roent- 
genological part  of  the  woj'k,  what  position  the  field  of  operation  is  to 
take  during  the  operation,  so  that  the  Roentgen  ray  determinations 
may  be  made  while  maintaining  the  same  position. 

Kaspar  Pischel  (Jour.  Amer.  Med.  Ass'n.,  Oct.  9,  p.  1232,  1915)  re- 
ports the  removal  of  hirdshot  from  the  vitreous  through  the  pupil. 

The  patient  was  a  bo,v,  aged  12.  While  hunting,  a  birdshot  No.  9, 
fired  from  his  companion's  gun,  at  a  distance  of  about  50  yards,  en- 
tered his  left  eye.    The  siglit  was  immediately  gone.    The  local  physi- 
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cian  gave  him  10  c.c.  streptococcus  serum.  The  writer  found:  Right 
eye :  Sight  5/4,  fundus  normal.  Left  eye :  One  mm.  up  inward  from 
center  of  cornea  a  triangular  gray  flap,  lens  cataractous,  swollen ;  iris 
showed  a  tear  in  pupillary  margin  corresponding  to  the  corneal  wound. 
Fundus  was  not  visible.  Pupil  dilated  irregularly  with  several  pos- 
terior synechias  after  atropine.  The  Roentgenogram  showed  a  shot  in 
the  vitreous  downward-inward  from  the  center. 

In  consultation,  the  opinion  was  divided  l^etween  removal  of  the  eye- 
ball and  preserving  it. 

Patient  was  sent  home  to  the  country.  Two  months  later  the  pupil 
in  upper  part  was  clear.  With  transilluminator ;  gray,  floating  mem- 
branes could  be  seen  in  the  vitreous. 

Nearly  three  months  after  the  accident  tlie  patient  returned  again, 
and  gave  the  following  history :  The  day  before,  while  wrestling  with 
a  boy  he  fell  on  him  and  bumped  his  head  against  the  other  boy 's.  He 
immediately  felt  a  sharp  pain  in  the  left  eye,  lasting  several  hours. 

To  Pischel's  astonishment  the  shot  lay  now  in  the  lowest  part  of 
the  anterior  chamber,  whence  it  was  removed  under  a  general  anes- 
thetic. Apparently  the  fall  forward  and  the  striking  of  the  head 
had  caused  the  shot  to  pass  through  the  pupil  into  the  anterior  cham- 
ber.   The  eye  quieted  do^^^l  rapidly. 

This  accidental  occurrence  shows  us  a  way  for  the  therapy  in  sucli 
cases,  and  the  writer  suggests  removing  the  cataract  as  soon  as  pos- 
sible and  then  trying  to  bring  the  shot  into  the  anterior  chamber 
through  the  pupil  by  methodical  stooping  exercises  and  even  judicious 
bumping  of  the  forehead  while  lying  flat  on  the  abdomen. 
Vitreous,  Fungus  growths  of  the.  Artificial  infections  of  the  vit- 
reous by  various  fungi  are  on  record.  Weeks  {Text-Bool-,  p.  606)  re- 
marks that  cultivations  of  the  aspergillus  fnmigatus  have  been  found 
in  the  vitreous  (Romer,  KUn.  Monatshl.  f.  Au(/enJicilk.,  p.  331,  April, 
1902)  as  a  result  of  a  penetrating  wound  of  the  eye.  Some  pain  was 
experienced  and  hypopyon  Avas  present  on  the  thirteenth  day.  Ex- 
amination after  enucleation  on  the  fourteenth  day  disclosed  the  pres- 
ence of  the  fungus  in  the  vitreous.  Leber,  Noble,  and  others  have  re- 
ported similar  cases. 
Vitreous  hemorrhage.  In  addition  to  the  matter  on  p.  .j802,  \'o1.  V'lII 
of  this  Encyclopedia,  a  few  words  may  be  said  about  the  ircalmcnt 
of  the  varioKS  types  of   intravitreous  bleeding. 

In  auhhijalmd  hcmorrhaijc  (q.  v.),  tirst  described  by  Hotz  in  1893, 
the  patient's  general  condition  should  be  investigated  and  any  systemic 
disease  appropriately  treated.  Complete  rest  of  the  eye  under  atro- 
pine, the  regulation  of  the  dietary  and  mode  of  life  and  tlie  use  of 
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iodide  of  potassium  in  large  and  increasing  doses  with  pilocarpine 
sweats  (q.  v.)  will  be  found  useful.  As  the  prognosis  is  favorable, 
proper  treatment  will  generally  bring  about  a  cure. 

Spontaneous  vitreous  hemorrhage.  Apart  from  vitreous  bleedings 
due  to  the  rupture  of  a  diseased  vessel  or  as  a  consequence  of  hemor- 
rhagic choroiditis,  liigh  degrees  of  myopia,  syphilis  and  disease  of  the 
ciliary  body  (in  which  cases  the  conduct  of  the  bleeding  merges  into 
that  of  the  treatment  of  the  underlying  causes),  not  a  few  instances 
of  spontaneous  hemorrhage  occur. 

Tlie  treatment  of  this  last  condition  is  practically  the  same  as  that 
of  cases  of  opacity  of  the  vitreous  humor.  After  a  purgative  followed 
by  a  saline  laxative,  hypodermic  doses  of  pilocarpine  (q.  v.)  should 
be  given  with  sweat  baths  if  the  patient  can  stand  this  vigorous  treat- 
ment. Iodide  of  potassium  with  mercurials  can  be  used  later  with 
advantage,  or,  if  they  are  not  too  powerful,  can  be  given  in  conjunc- 
tion wdth  this  treatment. 

The  treatment  of  recurrent  or  rehipsing  vitreous  hemorrhage  is  dis- 
cussed on  p.  5803,  Vol.  VIII  of  this  Encyclopedia. 

Under  the  title  massive  spontaneous  hemorrhage  Leighton  Apple- 
man  (Ayn.  Journ.  of  Ophthalm.,  Jan.,  1918)  has  described  three  cases 
of  recurrent  hemorrhage  in  persons  under  40  years  of  age. 

Treatment  .of  iraumatic  vitreous  hemorrhage.  Ormond  (Ophthal- 
moscope, p.  461,  Sept.,  1916)  has  contributed  an  excellent  discussion 
on  the  subject  of  the  treament  of  large  traumatic  vitreous  hemor- 
rhages, the  patients  having  come  under  observation  during  the  late 
war.  He  dwells  on  tlie  possibility  of  absorption  by  either  mechanical 
or  chemical  means,  also  tlie  possibility  of  delaying  coagulation.  The 
use  of  massage ;  ionization ;  subconjunctival  injections ;  removal  of 
some  of  the  fluid  and  its  substitution  by  normal  saline ;  fibrolysin ; 
dionin;  potassium  ioclid  and  radium  is  each  in  turn  discussed.  He 
believes  some  of  his  patients  have  been  benefited  by  treatment.  He 
attributes  the  influence  of  massage,  ionization,  subconjunctival  injec- 
tions and  dionin  to  meclumical  causes.  The  removal  of  fluid  and  its 
replacement  by  normal  saline  is  of  doubtful  benefit,  and  the  same  can 
be  said  of  radium.  Fibrolysin  may  influence  the  condition  by  the 
production  of  a  leukocytosis.  As  to  the  iodid  he  states  that  its  sup- 
posed absorbent  properties  are  so  ancient  that  we  must  admit  that  it  is 
probably  of  value,  although  we  are  not  in  a  position  to  say  exactly  how 
it  acts.  At  any  rate  it  is  the  only  drug  he  knows  of  that  benefits  ab- 
sorption. 

In  reviewing  Ormond 's  paper  Darier  states  that  for  traumatic 
vitreous  hemorrhages  the  most  efficacious  treatment  is  local  cupping 
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or  leeching,  and  in  the  more  serious  cases  general  bleeding.  lie  has 
found  auto-serotherapy  useful.  He  believes  the  administration  of  a 
vasoconstrictor  to  be  most  useful  in  cases  of  recurrent  hemorrhage  of 
adolescence.  Emetin  and  gelatinous  serum  are  suggested  for  the  post- 
operative type,  while  in  the  retinal  hemorrhags  of  pregiuuiey  he  would 
use  local  bleeding. 

Vitreous,  Hernia  of  the.    See  Hernia  of  the  vitreous,  p.  5879,  Vol.  VIII 
of  this  EncDclopcdia. 

Vitreous,  Hyaloid  membrane  of  the.     See  Vitreous. 

Vitreous,  Hydatid  cyst  of  the.    See  Vitreous,  Parasites  of  the. 

Vitreous,  Infection  of  the.  Wounds  of  the  vitreous  carrying  infection 
act  primarily  on  the  surface  of  the  membranes  covering  tlie  vitreous 
body — the  retina  and  ciliary  body.  Exudates  extend  from  the  ciliary 
body  and  processes  into  the  fossa  patellaris,  forming  a  tough  exudation 
membrane  in  which  a  localized  vitreous  abscess  may  develop.  From 
the  retina  the  exudate  covers  its  inner  surface  and  it  soon  becomes  de- 
tached and  wrinkled,  beginning  near  the  outer  margin  of  the  optic 
nerve.  The  infiltration  of  the  retina  and  papilla  and  detachment  of  the 
retina  is  likewise  speedily  effected  by  the  toxins  of  the  infection,  which 
combination  accounts  for  the  rapid  extinction  of  the  light  perception. 
Hence  the  amount  of  light  perception  is  the  distinguishing  mark 
for  enucleation  in  these  cases;  the  eyQ  should  be  removed  as  soon  as 
the  perception  is  lost.  Sometimes  when  such  enucleated  eyes  are 
opened  the  retina  and  optic  nerve  do  not  display  the  grave  changes 
that  we  expect  to  find,  and  even  under  the  microscope  they  prove  to  be 
almost  normal.  This  agrees  with  the  clinical  fact  that  in  many  eases 
in  which  enucleation  is  not  performed  the  light  perception,  which  has 
been  almost  lost,  is  restored.  In  others,  however,  the  grave  purulent 
infiltrations  above  described  exist.  In  the  lighter  cases  the  organiza- 
tion of  exudate  in  the  vitreous  occurs,  which  ultimately  shrinks,  caus- 
ing atrophj'  of  the  eyeball.  A  marked  example  of  this  is  the  effect  of 
copper  particles  on  the  vitreous.  In  these  severe  cases  the  exudate  con- 
sists wholly  of  pus  and  is  incapable  of  organization,  causing  different 
degrees  of  inflammation,  according  as  the  suppuration  is  circum- 
scribed, when  it  is  possible  to  make  a  diagnosis  of  abscess  of  the 
vitreous.  Here  where  the  anterior  part  of  the  eye  remains  transparent 
we  may  see  a  yellow  reflex  behind  the  lens,  the  pus  in  situ.  This  is 
later  transformed  into  a  membrane  which  shrinks  and  causes  detacli- 
ment  of  the  retina  with  atrophia  bulbi. 

If  the  process  be  very  virulent  the  case  goes  on  to  ])anopli1halmitis, 
perforation  of  the  eyeball,  and  phthisis  bull)i. 

Aseptic  suppuration  may  occur  from  cliemical  irritation,  especially 
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in  the  case  of  copper  particles,  and  cause  a  localized  abscess  of  the 
vitreous,  most  instances  of  which  end  in  atrophia  bulbi,  but  a  few  in 
recoverv'. —  (H.  V.  W.)  See,  also,  Vitreous,  Inflammation  of  the. 
Vitreous,  Inflammation  of  the.  See  the  Hyalitis  captions  in  tliis  En- 
cyclopedia.  In  addition  Benson  has  described  two  rare  types  of  the 
disease,  as  folloAvs:  (1)  asteroid  hyalitis,  characterized  by  small,  fixed, 
highly  refractile,  ^lobular  masses  in  the  vitreous  that  are  cream-colored 
by  the  oblique  illumination.  In  the  case  described  by  the  w^riter 
{Trans.  Opli.  Soc.  Un.  Kgdom.,  p.'  10,  Vol.  14)  they  were  unchanged 
for  the  nine  months  the  case  was  under  observation. 

(2)  Hyalitis  lyunctata.  As  stated  by  Weeks  (Text-Book,  p.  600), 
Benson  (OpJi.  Review;  p.  304,  Vol.  VII),  designates  an  appearance 
.  similar  to  keratitis  punctata  which  he  observed  as  situated  just  back 
of  the  crystalline  lens.  Tlie  patient  liad  syphilis  and  was  suffering 
from  keratitis  punctata  and  a  mild  iritis.  Weeks  has  seen  a  similar 
condition,  the  spots  apparently  occurring  on  the  capsule  of  the  lens  in 
the  patellar  fossa,  in  a  patient  suffering  from  a  mild  cyclitis. 

Commenting  on  Straub's  theory  (see  Hyalitis,  p.  6070,  Vol.  14  of 
this  Encyclopedia),  Herbert  Parsons  {Oph.  Revieiv,  p.  378,  Dec,  1911) 
said  he  understood  Straub's  contention  to  be  that  leucocytes  were 
carried  forward  in  the  lymph  stream,  and  his  explanation  of  the 
formation  of  the  dots  was  a  very  ingenious  one.  But  the  speaker 
criticized  the  use  of  the  term  ' '  hyalitis ' '  and  ' '  descemetitis, "  as  he  re- 
garded their  use  as  backward  steps  in  pathology.  The  tissue  under 
discussion  was  non-vascular  and  apparently  passive,  whereas  inflam- 
mation was  pre-eminently  an  active  process.  Parsons  had  hypothe- 
cated that  where  there  were  dust-like  opacities  in  the  vitreous  asso- 
ciated perhaps  with  choroidal  change,  there  was  really  a  low  grade 
of  cyclitis  going  on  to  account  for  the  presence  of  those  opacities,  and 
that  they  were  not  due  to  any  inflammation  present  in  the  vitreous, 
per  se.  Supporting  that  view  was  the  fact  that  in  cases  of  choroidal 
inflammation  there  was  no  transference  of  leucocytes  or  organisms 
directly  from  the  choroid  into  the  vitreous  until  the  membrane  was 
burst  through. 

For  further  discussion  of  dust -I  ike  vitreous  opacities,  see  Trans.  Oph. 
Soc.  Un.  Kgdom.,  p.  60,  1912. 
Vitreous  Injuries  of  the.     See,  also.  Vitreous,  Loss  of  the;  Vitreous 
hemorrhage  under  treatment  of  traumatic  vitreous  liemorrhage,  and 
various  other  related  Vitreous  headings. 

Wounds  of  the  vitreous  are  followed  by  more  or  less  dense  opacities 
which  interfere  with  vision,  according  to  their  location  in  respect  to 
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the  visual  axis,  with  shrinking  of  the  vitreous,  if  with  considerable 
resultant  detachment  of  the  retina  and  atrophia  bulbi. 

This  condition  occurs  from  the  contraction  of  exudates  which  come 
from  inflammation  of  the  ciliary  body,  the  clioroicl  and  retina.  Con- 
traction of  the  vitreous  body  and  resultant  retinal  detachment  may 
also  occur  after  wounds  of  the  vitreous  without  the  formation  of 
exudates. 

Infection  of  the  vitreous  by  pus  germs  leads  to  loss  of  the  eye  by 
panophthalmitis. 

The  prognosis  of  wounds  of  the  vitreous  depends  upon  the  possi- 
bility of  infection  and  the  contraction  of  exudates.'  As  a  rule  wounds 
of  the  anterior  portion  of  the  vitreous,  as  in  discission  of  secondary 
membranes  in  the  pupil,  heal  wdthout  leaving  perceptible  traces.  Loss 
of  over  20  per  cent,  of  the  vitreous  leads  to  retinal  detaclnnent  and 
atrophia  bulbi. 

Foreign  hodics  in  the  vitreous  suhstducc.  The  following  discussion 
is  confined  as  much  as  possible  to  foreign  bodies  remaining  in  the 
vitreous  itself. 

Particles  of  iron,  steel,  copper,  stone,  glass,  and  wood  are  most  com- 
mon, especially  the  metals.  Shot,  powder,  and  sand  are  less  often  seen. 
The  great  expansion  of  the  iron  and  steel  industries  has  given  rise  to 
this  form  of  accident  which,  previous  to  our  era,  was  much  of  a 
curiosity.  With  the  exception  of  such  countries  as  Switzerland  and 
France,  where  women  work  with  hoes  on  stony  land,  the  occurrence 
of  foreign  bodies  within  the  eye  is  practically  limited  to  men,  and 
mostly  to  those  in  the  iron  and  steel  trades,  copper  and  brass  workers, 
stone-cutters,  etc.  Powder  grains  occur  from  explosions  of  fireworks, 
gunpowder,  and  from  blasting,  in  Ihe  latter  sand  grains  usually  accom- 
pany. 

Rare  objects  such  as  portions  of  whip  lashes,  hono.  wax.  cilia,  etc.. 
have  been  reported. 

The  luxated  lens  must  l)e  considered  a  foreign  ])ody.  as  well  ;i.-« 
the  occurrence  of  cysticercus  in  the  vitreous. 

Foreign  bodies  enter  the  vitreous  (1)  either  througli  tlic  cornea 
and  pupil,  through  the  central  portion  of  the  lens;  (2)  through  the 
cornea,  iris  and  lens,  in  which  cases  traumatic  cataract  is  also  pro- 
duced; (3)  through  the  cornea,  iris  and  zonule,  in  which  the  body 
of  the  lens  is  not  impaired;  (4)  through  the  sclera,  with  oi-  withont 
injury  to  the  ciliary  body. 

As  a  rule  a  foreign  body  entering  the  eye  witli  sufticient  force  to 
penetrate  to  the  vitreous  reaches  the  opposite  inner  wall  and  rebounds 
to  again  pass  into  the  vitreous  and  remains.  gener;illv  grafliially  sink- 
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ing  to  the  bottom  of  the  eye.  If  comiug  with  a  little  more  force  the 
foreign  body  may  rebound  sufficiently  to  again  pass  into  the  retina, 
ciliary  body  or  lens  and  if  with  enough  force  it  may  pass  entirely 
through  the  posterior  walls  of  the  globe  into  the  orbit,  as  is  common  in 
wounds  from  bird  shot. 

Splinters  of  metal  usually  richochet.  In  19  enucleated  eyeballs 
the  foreign  body  had  reached  the  opposite  wall  in  all  cases,  in  14  had 
rebounded,  in  4  stuck  in  the  posterior  wall,  and  in  1  had  passed 
through  into  the  orbit. 

Foreign  bodies  remain  in  the  position  left  after  the  accident  until 
moved  by  some  mechanical  force  such  as  movement  of  the  head  and 
body,  which  gradually  causes  them  to  fall  to  the  lower  part  of  the 
vitreous,  as  the  vitreous  usually  becomes  fluid.  Detachment  of  the 
retina  and  shrinking  of  the  vitreous  likewise  dislodges  them.  The 
chemical  irritation  set  up  by  foreign  bodies  aids  in  their  w^andering 
and  sometimes  in  their  complete  extrusion. 

Vitreous  foreign  l)ody  symptoms.  If  the  foreign  body  pass  through 
the  central  part  of  the  cornea,  the  wounds  or  their  cicatrices  will  be 
seen  if  the  media  be  sufficiently  clear ;  one  each  in  the  cornea,  anterior 
and  posterior  capsule  of  the  lens,  in  a  line  with  one  another  and  with 
the  wound  canal  or  opacity  in  the  lens  showing  between  the  lenticular 
capsule  wounds  of  entrance  and  exit.  If  the  splinter  turn  in  its  course 
it  may  deviate  from  this  straight  line  after  entering  the  eye,  especially 
after  leaving  the  lens  for  the  vitreous,  and  take  a  parabolic  course, 
or  turn  at  an  angle.  If  passing  completely  through  the  eye,  the 
posterior  perforation  shows  if  not  covered  by  a  blood  clot;  upon  re^ 
sorption  of  the  blood  the  tear  in  the  retina  and  sclera  will  be  seen  by 
the  ophthalmoscope.  If  the  foreign  body  pass  through  the  iris  the 
opening  will  be  seen  therein,  as  iris  wounds  never  close.  If  through 
the  sclera  the  site  will  be  marked  by  a  blood  clot,  which  at  first  fills  in 
the  wound.  It  may  be  that  the  shot  or  splinter  first  passed  through  the 
lid,  most  commonly  the  lower,  in  such  cases  the  wound  canal  may 
be  followed  by  probing. 

In  many  cases  it  is  impossible  to  determine  the  location  of  the  for- 
eign body  by  inspection,  focal  or  transillumination,  or  by  the  ophthal- 
moscope, on  account  of  opacities  of  the  media,  but  in  those  where  such 
examination  is  possible  the  foreign  body  may  be  seen  by  the  ophthal- 
moscope, if  not  too  near  the  ciliary  region,  and  its  location  estimated 
by  its  behavior  on  parallactic  examination.  In  a  few  eases  the  portion 
of  the  posterior  wall  from  which  it  rebounded  may  be  seen  as  a  bloody 
spot  on  the  retina,  and  its  course  through  the  vitreous  be  visible  as  a 
diffuse  linear  opacity.     In  some  cases  air  bubbles  are  to  be  seen  in 
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the  vitreous  along  the  course  of  the  foreign  body.  These  show  as 
little,  sharply  defined  round  spots  with  light  centers  and  dark  rims, 
and  in  most  cases  a  line  of  blood  pigment  or  blood  will  show  the  direc- 
tion of  its  passage. 

As  there  are  no  sensory  nerves  in  tlie  vitreous  the  pain  and  irrita- 
tion, if  any,  is  referred  to  the  external  wound  or  to  secondary  inflam- 
mation of  the  iris  and  ciliary  body.  The  sight  is  affected  from  the  in 
jury  to  the  lens,  or  if  this  remains  clear,  by  the  bleeding  or  opacities 
in  the  vitreous.  If  the  media  remain  clear  the  foreign  Ijody  may  be 
entoptically  seen  by  the  patient. 

As  a  rule  eyes  having  a  foreign  body  in  the  vitreous  go  on  to  plastic 
irido-cyclitis,  with  loss  of  vision  in  the  injured  eye  and  possible  sym- 
pathetic ophthalmitis  in  the  fellow.  In  but  few  cases  does  a  foreign 
body  become  encapsulated.  Some,  however,  have  been  reported  re- 
maining in  the  vitreous  for  many  years.  Intruders  carrying  virulent 
pus  germs  cause  acute  suppuration  and  panophthalmitis;  other  less 
active  germs  cause  irido-cyclitis  and  sympathetic  inflammation.  Those 
that  cause  irritation  either  through  the  gravity  of  the  trauma,  their 
location  or  their  chemical  nature,  produce  shrinking  of  the  eyeball, 
iridocyclitis,  and  sympathetic  irritation. 

Iron  in  the  vitreous.  Infected  iron  particles  do  not  as  a  rule  cause 
infection  of  the  wound  of  entrance,  but  such  occurs  from  the  conjunc- 
tiva, lids  or  from  extraneous  infection,  but  they  begin  to  form  abscess 
in  the  vitreous  in  12  to  48  hours,  Avhicli  spreads,  infiltrating  the  pos- 
terior portion  of  the  eye  and  then  the  uvea.  If  the  infection  be  of  a 
mild  type  the  abscess  does  not  form  but  the  tissues  so  strongly  react 
that  the  foreign  body  becomes  encapsulated.  A  perfectly  clean 
splinter  of  iron  or  steel  never  causes  encapsulation.  While  encapsu- 
lated foreign  bodies  may  remain  in  the  vitreous  for  a  very  long  time 
they  sooner  or  later  cause  chemical  irritation  and  inflammation  of 
the  retina  and  vitreous  so  that  the  eye  is  ruined  thereby. 

The  vitreous  becomes  opaque,  thickened,  and  then  shrinks;  the 
retina  then  detaches ;  in  some  cases  a  disease  of  the  pigment  epithelium 
of  the  macula  with  irregular  spotting  pigmentation.  Most  caijcs  of 
reactionless  particles  of  iron  in  the  posterior  portion  of  the  eye,  with 
retention  of  good  vision,  Avere  encapsulated  in  the  retina. 

Larger  pieces  of  iron,  which  cause  loss  of  vision,  may  heal  in  thi- 
eye  and  remain  for  years.  As  a  rule,  however,  such  large  pieces  imme- 
diately cause  severe  symptoms  of  inflammation  so  that  tliey  must  be 
removed  at  once,  together  with  the  qyq. 

Many  cases  of  sympathetic  inflammation  are  reported  in  tlic  litera- 
ture produced  by  the  retention  of  a  foreign  body. 
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Iron  splinters  may  be  spontaneously  extruded  from  the  vitreous, 
though  more  seldom  than  in  the  ease  of  copper. 

Copper  in  the  vifrcou!^.  Particles  of  copper,  even  if  aseptic,  in  the 
vitreous,  nearly  always  cause  severe  inflammation  from  chemical  irri- 
tation, producing  an  aseptic  purulent  exudate  and  later  thickening 
and  shrinking  of  the  vitreous  witli  total  detachment  of  the  retina  and 
irido-cyclitis,  closing  the  chapter  with  atrophy  of  the  globe  after 
months  of  painful  inflammation.  If  septic,  panophthalmitis,  perfora- 
tion, and  phthisis  bulbi  occur. 

The  encapsulation  of  copper  in  tlie  vitreous  with  retention  of  good 
vision  is  not  often  observed.  Cases  have  been  reported  Avhere,  while 
the  siglit  had  been  lost  from  plastic  inflammation  the  eye  remained 
quiet.  It  is  impossible  to  estimate  liow  long  sucli  encapsulated  foreign 
bodies  may  remain  iiniocuous  without  ju'oducing  renewed  inflamma- 
tion and  sympathetic  ophthalmitis  in  tlie  other  eye. 

A  number  of  cases  of  spontaneous  extrusion  of  a  piece  of  copper 
from  the  vitreous  have  been  reported,  this  occurring  from  copper  far 
more  often  than  in  the  case  of  iron  and  other  foreign  bodies.  This 
occurrence  is  due  to  late  development  of  infection,  the  copper  salts 
forming  from  contact  with  the  fluids  of  the  eye,  setting  up  an  in- 
flammation and  letting  loose  the  germs  which  had  been  locked  up  by 
encapsulation ;  the  copper  salt  acting  in  the  uveal  and  scleral  tissues 
and  softening  them  so  that  the  foreign  body  extrudes  at  this  point. 

Experiments  show  that  copper  need  not  carry  sepsis  in  order  to  pro- 
duce pus,  and  that  extrusion  of  the  aseptic  foreign  body  from  the 
eye  is  not  necessarily  a  septic  process  as  in  other  parts  of  the  body. 

Lead  and  glass  in  the  vitreous.  While  glass  splinters  are,  as  a 
rule,  aseptic  and  become  encapsulated  without  causing  much  irritation, 
and  may  remain  for  many  years  in  the  eye,  yet  chemical  changes  arise 
from  contact  with  the  vitreous  causing  shrinking  of  the  vitreous  and 
degeneration  and  detacliment  of  the  retina. 

As  a  rule  traumatic  irido-cyclitis  follows  with  retinal  detachment, 
atrophy  of  the  globe  or  infection  of  the  Avound  1)y  pus  germs,  and  pan- 
ophthalmitis. The  wound  of  entrance  by  glass  is,  as  in  the  case  of  stone 
and  wood,  larger,  more  contused  and  lacerated  than  from  small  grains 
of  iron  and  copper. 

It  is  different  with  shot  and  powder  grains,  for  these  may  remain 
in  the  eye  for  a  long  time,  becoming  encapsulated  and  not  giving  rise 
to  inflammation. 

Stone,  wood,  coal  and  other  particles  become  encapsulated  but,  like 
glass,  lead  later  to  inflammation  and  irido-cyclitis.  Occasionally  such 
may  remain  for  a  long  time. 
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The  spontaneous  extrusion  of  stone,  wood,  coal  and  glass  is  un- 
common; they  may  remain  for  a  score  of  years  or  more,  though  the 
eye  be  ruined  by  the  resulting  irido-cyclitis.  Only  ancient  cases  are 
to  be  found  in  the  literature. 

Diagnosis  of  foreign  hodirs.  There  are  four  things  to  do:  First, 
determine  the  immediate  loss  of  vision ;  second,  the  character  of  the 
■wound  and  its  direction;  third,  the  kind  of  foreign  body;  fourth,  its 
location.  It  often  luippens  that  a  patient  supposes  he  has  a  foreign 
body  in  the  eye  -when  none  exists,  or  that  the  object  is  iron  or  steel 
when  it  may  be  wood  or  stone,  and  thus  non-magnetizable. 

The  history  is  not  fully  to  ])e  relied  upon,  as  the  excitement  of  the 
accident,  or,  in  some  cases,  malingering,  will  lead  to  misleading  state- 
ments of  the  patient  or  those  who  may  accompany  him.  It  is  well  to 
question  the  patient  as  to  the  circumstances  of  the  accident,  tlie  cliar- 
acter  of  the  tool  and  object  on  which  he  may  liave  l)een  working  and 
to  place  him  in  the  position  in  Avhich  he  was  at  the  time  of  the  acci- 
dent. In  some  cases  it  is  advisable  to  examine  the  tool  which  he  was 
using,  as  a  portion  from  this  generally  forms  tlie  foreign  body. 

The  visual  acuity  immediately  following  the  accident  does  not  bear 
much  relation  to  tlie  prognosis  on  account  of  tlie  obscuration  of  the 
media   by  hemorrliage  or  exudates  which   may   ultimately  clear   up. 

The  character  and  location  of  tlie  wound  is  of  great  importance  as 
to  the  trauma  done  by  the  foreign  body;  accompanying  injuries  of  the 
lens  and  ciliary  body  are  respectively  dangerous. 

Small  wounds  are  generally  due  to  iron,  steel,  or  copper  particles; 
larger  ones  to  stone,  glass,  etc. 

The  direction  of  the  wound  canal  may  be  determined  by  direct  and 
focal  illumination  and  ophthalmoscopy,  giving  us  some  idea  of  the  first 
course  of  the  projectile.  The  study  of  the  small  air  bubbles  in  the 
course  of  the  wound  in  fresh  cases  will  show  its  direction. 

Careful  probing  of  the  wound  with  a  tine,  disinfected  sound  may 
give  evidence  of  a  foreign  body  near  the  surface  when  the  media  are 
obscured,  or  when  the  ophthalmoscope  does  not  show  the  intruder,  as 
when  the  foreign  body  lies  near  the  ciliary  body.  The  probe  must  not 
be  entered  into  the  vitreous  except  as  a  part,  and  at  the  time,  of  a 
magnet  operation  for  a  supposed  iron  or  steel  chip. 

Examination  of  the  visual  field,  with  two  lights  at  a  meter  distance 
will  show  defects  in  the  field  as  sectors  or  large  scotomas,  which  may 
give  an  idea  as  to  the  localization  and  contraction  of  the  held  in  a 
general  diagnosis  for  retained  foreign  bodies.  This  contraction  is 
usually  above,  as  the  foreign  body  sinks  below. 

When  the  media  remain  clear  enough  the  perimeter  exaiuination 
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may  show  the  scotoma  corresponding  to  the  foreign  body.  Intelligent 
persons  will  often  entoptically  see,  and  be  able  to  describe,  the  position 
of  the  foreign  body. 

A  symptom  of  more  or  less  diagnostic  and  localizing  importance  is 
circumscribed  redness  and  pain  on  touching  a  spot  over  or  near  the 
foreign  body,  but  it  must  be  remembered  that  the  same  symptoms  are 
to  be  elicited  over  a  cyclitic  area. 

In  no  other  part  of  the  eye  is  the  prognosis  so  unfavorable  as  when 
the  foreign  body  remains  in  the  vitreous.  In  but  few  cases  is  the 
object  encapsulated,  and  in  fewer  still  is  vision  retained.  Nearly  all 
cases  result  in  irido-cyclitis,  with  a  large  proportion  of  sympathetic 
ophthalmitis  cases  unless  the  foreign  body  be  speedily  removed.  In 
the  statistics  of  cases  lost  previous  to  the  aseptic  era,  and  that  from 
1883  to  1886  when  the  magnet  was  not  used,  83  per  cent,  were  lost. 
Now  there  is  shown  a  much  less  percentage  of  loss. 

Iron  splinters  give  the  best  prognosis,  for  they  may  in  many  cases 
be  early  diagnosed  and  removed  by  the  magnet  operation.  In  the 
case  of  splinters  of  copper  the  extraction  is  very  difficult  and  is  seldom 
accomplished,  and  in  the  case  of  other  objects  removal  practically 
never  happens. 

The  treatment  of  foreign  hodies  in  the  vitreous  consists  in  the  care 
of  the  wound  and  the  extraction  of  the  foreign  body  in  order  to  get 
healing  and  insure  the  function  of  the  organ  if  not  too  much  damaged. 
Even  if  the  foreign  body  be  removed  and  no  sight  be  left,  the  form  of 
the  eye  should  be  remembered,  as  a  sightless,  good-looking,  and  non- 
painful  or  dangerous  orb  is  better  than  a  prothesis.  If  the  foreign 
body  cannot  be  removed  and  the  eye  be  blinded  it  should  be  enu- 
cleated. If  the  wound  be  lacerated  and  contused  and  in  a  dangerous 
location,  as  the  ciliary  region,  particularly  in  working  men  and  in 
patients  who  cannot  remain  under  skilled  observation,  it  may  be  ad- 
visable to  remove  the  globe  rather  than  to  run  the  risk  of  a  long  course 
of  healing,  Avitli  the  expense  and  ultimate  risk  of  sympathetic  ophthal- 
mitis from  neglect  or  inability  to  recognize  its  approach  and  dan- 
gers.   See,  also.  Vitreous,  Foreign  bodies  in  the. 

Hemorrhage  into  the  vitreous  occurs  in  all  forms  of  injury  to  the 
vitreous.    See  Vitreous,  Hemorrhage  into  the. 

Gunshot  injuries  of  the  vitreous.  In  bullet  wounds  of  the  globe, 
more  or  less  complete  loss  of  vitreous  follows.  In  those  from  bird  shot 
.little  or  no  loss  may  occur. 

Shot  grains  and  portions  of  other  projectiles  may  remain  quiet  in 
the  vitreous  even  without  causing  sufficient  irritation  as  to  become  en- 
capsulated, but  as  a  rule  they  cause  inflammation  in  the  uvea  and  end 
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ill  atrophia  bulbi.     Powder  grains  and  pieces  of  stone  carried  thence 
by  explosives  are  noted. 

Concussion  and  contusion  of  the  vitreous  is  common  and  complicated 
by  entrance  of  blood.  Opacities  and  resultant  new  membranes  occur 
both  by  direct  and  indirect  injuries  from  the  organization  of  blood 
clots  resulting  from  liemorrhages  from  ruptured  retinal,  choroidal, 
or  ciliary  blood  vessels.  As  a  rule  other  damage  is  done  to  the  eye, 
to  be  discerned  as  soon  as  the  media  clear,  as  rupture  of  the  choroid 
and  retina,   detachments,  etc. 

The  treatment  is  that  of  perforating  wounds  of  the  posterior  part 
of  the  eye.  It  is  practically  asepsis,  and  either  palliative  or  radical. 
The  shot  may  seldom  be  extracted  unless  it  is  found  in  or  near  the 
wound  of  entrance.  In  severe  injuries  enucleation  should  be  prac- 
tised, and  is  the  principal  eye  operation  for  the  field  surgeon  in  time 
of  war.    See  Military  surgery  of  the  eye ;  as  well  as  War  captions. 

Degeneration  of  the  vitreous  following  injuries.  The  occurrence  of 
vitreal  opacities  has  been  a  number  of  times  noted  in  these  pages. 
These  result  from  hemorrhages  and  exudates,  the  more  minute  opaci- 
ties consisting  of  masses  of  cells  or  pigment  granules  or  filaments,  the 
large  become  organized  into  membranes,  cords  or  large  masses  of  con- 
nective tissue.  A  new  formation  of  blood  vessels  supplying  these 
membranes  may  take  place,  running  from  the  retinal  vessels  into  the 
vitreous,  and  to  be  seen  by  the  ophthalmoscope,  the  so-called  retinitis 
proliferans  discussed  more  fully  elsewhere  herein. 

Liquefaction  of  the  vitreous  is  a  sequel  of  various  conditions,  but 
is  constant  after  chronic  cyclitis  and  union  of  the  ciliary  processes ;  not 
only  this,  but  the  albuminous  element  is  increased.  This  is  due  to 
alterations  in  the  epithelium  of  the  orbicularis  ciliaris,  permitting  the 
albumin  of  the  blood  to  penetrate.  Various  conditions  follow  this, 
particularly  that  known  as  fibrillary  degeneration.  In  relation  to  this, 
as  rarely  as  we  have  a  regeneration  of  the  vitreous  fibrillar,  so  rarely  do 
we  have,  either  as  a  result  of  the  inflammation  or  other  degeneration, 
an  hypertrophy,  a  thickening  or  an  increase  of  the  same.  There  is  no 
such  thing  as  fibrillary  degeneration  of  the  vitreous.  The  only  change 
the  fibrilla?  of  the  vitreous  undergo  is  their  solution. —  (H.  V.  W.) 
Vitreous,  Loss  of.    See,  also,  under  Cataract  operations. 

One  of  the  methods  recently  advised  to  ])rovent  lo.ss  of  vitreous 
fluid  in  operations  on  the  eye  is  that  of  Van  der  Hoeve  (Ned-erh. 
Tipclschr.  v.  Gen.  Nov.  8,  1919)  who  gives  a  description  of  the  four 
thread  methods  with  which  he  lifts  up  the  anterior  wall  of  the  eyeball. 
The  vacuum  made  b}'  lifting  up  the  wall  aspirates  back  any  of  the 
vitreous  fluid  that  is  on  the  point  of  escaping.    Each  thread  is  passed 
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through  the  outer  layers  of  the  cornea,  close  to  the  iris,  to  form  four 
loops  with  which  the  two  assistants  lift  up  the  wall  when  loss  of  the 
fluid  is  impending.  The  loops  are  useful  also  for  other  purposes,  as  he 
describes.    See,  also,  Vitreous,  Prolapse  of  the. 

Vitreous,  Malformations  and  anomalies  of  the.  See  p.  2911,  Vol.  IV 
(coloboma  of  the  vitreous),  y>.  2921,  Vol.  IV  (persistent  hyaloid 
artery)  and  p.  2929,  Vol.  IV  (abnormal  vitreous  vessels)  of  this 
Encyclopedia. 

Vitreous  opacities.  These  are  classified  as  fixed  and  floating,  and  may 
be  acute  or  clironic.  They  may  appear  as  fine,  dustlike  particles  (par- 
ticularly in  syphilitic  retinitis  and  choroiditis)  or  may  be  threads, 
bands,  dots,  membranes,  or  projections.  They  vary  much  in  size, 
shape,  and  color.  The  fixed  opacities  are  generally  fastened  at  two 
or  more  points. 

Opacities  of  tlie  vitreous  result  from  many  difl^erent  conditions, 
among  which  are  the  following :  Errors  of  refraction,  particularly 
myopia  of  high  degree;  inflammation  of  the  retina  and  uveal  tract; 
traumatisms  producing  hemorrhages  from  the  ciliary  region  or 
choroid ;  depraved  conditions  of  the  general  system  from  low  fevers 
or  other  exhausting  diseases,  anemia,  loss  of  sleep,  gout,  syphilis, 
menstrual  disorders,  constipation,  portal  congestion,  malaria,  the  long- 
continued  use  of  arsenic,  etc.  Large  fixed  opacities  maj^  result  from 
trauma  and  may  simulate  neoplasms.  In  many  instances  opacities 
of  the  vitreous  are  present  in  persons  in  whom  other  affections  are 
not  demonstrable ;  this  is  particularly  true  of  elderly  persons.  Under 
the  name  asteroid  hyalitis  Benson  has  described  a  condition  in  which 
small,  light-colored  spheres  are  found  in  the  vitreous.  It  is  probably 
a  congenital  condition. 

The  subjective  sj^mptoms  of  vitreous  opacities  depend  on  the  num- 
ber and  size  of  the  opaque  spots.  The  patient  sees  them  as  black 
specks  floating  in  the  visual  field  (miiscce  volitantcs).  They  are  par- 
ticularly annoying  Avhen  the  patient  is  looking  at  a  bright  surface. 
Visual  acuitj'-  may  or  may  not  be  reduced.  Reduction  of  vision,  pain, 
and  asthenopic  symptoms  will  cause  the  surgeon  to  seek  errors  of 
refraction,  associated  ocular  changes,  or  diseases  of  the  general  S3^s- 
tem. 

Vitreous  opacities  can  be  seen  by  using  a  concave  retinoscopy  mir- 
ror of  twenty-five  centimetres'  focus.  Whether  the  spots  are  fixed 
or  floating  can  be  determined  by  having  the  patient  move  his  eye 
while  under  examination.  After  movement  the  eye  is  to  be  held  per- 
fectly quiet.  Fixed  opacities  will  remain  in  situ,  while  floating 
ones  will  be  seen  to  move,  and  their  rate  of  movement  gives  an  indica- 
tion of  the  consistency  of  the  vitreous.     In  a  vitreous  body  of  normal 
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consistency  the  spots  move  slowly;  in  a  fluid  vitreous  the  movement  is 
rapid.  Vitreous  opacities,  if  floating,  move  in  a  direction  opposite  to 
the  movement  of  the  eye,  while  opacities  in  the  lens  and  cornea  move 
in  the  same  direction  as  the  ocular  movement.  This  is  because  the 
latter  opacities  are  fixed.  By  using  a  -}-  14  or  16  D.  lens,  by  direct 
ophthalmoscopy,  fixed  vitreous  opacities  can  be  examined  satisfac- 
torily. If  the  opacities  are  minute,  a  plane  mirror  armed  with  a 
strong  convex  lens  should  be  used,  and  the  pupil  should  be  dilated. 

The  prognosis  in  vitreous  opacities  depends  on  the  cause  and  on 
the  size  and  the  age  of  the  opacities.  Recent  opacities  may  clear 
entireh';  old  ones  will  likely  remain  in  spite  of  treatment.  When 
resulting  from  syphilis  the  opacities  readily  clear  up  under  proper 
treatment.  If  caused  by  hemorrhage,  the  clot,  if  small,  will  be  ab- 
sorbed ;  large  clots  always  leave  opacities.  In  opacities  caused  by 
purulent  choroiditis  the  prognosis  is  grave,  the  eye  ending  in  phthisis 
bulbi.  Muscfe  volitantes  show  no  opacities  to  the  ophthalmoscope,  and 
are  probably  caused  by  shadows  of  the  remains  of  embryonic  tissue 
thrown  on  to  the  retina.  They  are  exceedingly  annoying,  and  often 
remain  in  spite  of  the  correction  of  refraction  errors  and  attention 
to  the  general  health.     They  are  not  significant  of  serious  lesions. 

The  treatment  of  opacities  of  the  vitreous  includes  the  removal  of 
the  cause,  the  regulation  of  the  habits  of  the  individual,  and  the 
exhibition  of  remedies  for  the  purpose  of  producing  absorption.  lodid 
of  potassium,  the  various  preparations  of  mercury,  pilocarpin,  and 
saline  laxatives  are  all  valuable  measures.  The  use  of  the  galvanic 
current,  paracentesis  of  the  anterior  chamber,  and  the  subconjunctival 
injection  of  a  G-per-cent.  strength  salt  solution  are  among  tlie  meas- 
ures which  have  been  advocated.  The  intra-ocidar  injection  of  various 
mercurial  salts,  iodid  of  potassium,  and  carbolic  acid  has  been  pro- 
posed. This  method  of  treatment  slioukl  be  condemned,  as  it  is  dan- 
gerous to  the  eye. —  (J.  M.  B.) 

See,  also,  Muscae  volitantes,  p.  7880,  Vol.  X  of  this  Encijclopcdia. 

The  Editor  {Systun  of  Ophthalmic  Therapeutics,  p.  780)  believes 
that  the  treatment  of  vitreous  opacities  should  be  directed  first  of  all 
to  the  removal,  if  possible,  of  their  cause  and  the  prescription  of  cer- 
tain remedies  known  to  bring  about  absorption  of  them.  These  are 
particularly  pilocarpine  sweats  given  with  large  and  increasing  doses 
of  iodide  of  potassium  and  pilocarpine.  At  the  same  time  saline 
laxatives  and  mercurial  inunctions  are  often  prescribed  with^  benefit. 
Subconjunctival  injections  of  normal  saline  solutions,  alternating  with 
the  local  application  of  dionin  are  generally  of  benefit. 

Fuchs  (Text-Book,  p.  467)  thinks  that  saline  mineral  waters  ought 
to   be   used   in   conjunctio)i    wilh   oilier   remedies,   and   that    repeated 
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paracentesis  of  the  anterior  chamber   (to  stimulate  tissue  changes  in 
the  eye)   may  be  of  service. 

The  use  of  galvanism  is  recommended  by  several  observers. 

"When  the  opacities  are  due  to  syphilis,  or  non-penetrating  trauma, 
treatment  is  of  decided  value  and  markedly  good  results  follow  the 
medication  just  indicated. 

In  the  cloudiness  and  other  opacities  due  to  causes  not  connected 
with  these  conditions,  very  little  benefit  ensues.  To  this  it  may  be 
added  that  the  hyalitis  of  myopia  and  of  other  refractive  errors, 
including  anemia,  menstrual  disorders  and  digestive  affections  are 
decidedly  affected  by  treatment  directed  towards  a  removal  or  relief 
of  these  disorders.  The  treatment  of  congenital  opacities  is  by  no  means 
satisfactory.  Some  large,  membranous  opacities  may,  as  Bull  advises, 
be  reached  by  discission. 
Vitreous,  Ossification  of  the.  The  general  subject  of  bone  formation 
in  the  eye  is  discussed  on  p.  9196,  Vol.  XII  and  elsewhere. 

True  ossification  of  the  body  of  the  vitreous  is  very  rare  although 
a  number  of  cases  are  on  record.  For  example  is  a  case  reported  by 
Vigier  (Op/i.  Year-Bo<ok  1908)  while  Vassiliades  reports  ossification 
of  the  hyaloid  membrane  in  a  shrunken  eye,  destroyed  ten  years  be- 
fore by  purulent  ophthalmia  and  panoiDlithalmitis. 

Cesar  Urraca  Y  Keyero  (Ajxhivos  de  Oftalmologia,  June,  1913) 
details  a  case  of  complete  ossification  of  the  vitreous.  The  patient 
was  twenty-six  years  old,  and  twenty  years  earlier  had  completely 
lost  the  vision  of  the  left  eye,  probably  in  consequence  of  corneal 
ulcer.  There  had  been  only  slight  disturbance  in  the  blind  eye  during 
the  interv'ening  period,  until  a  month  back,  when  the  eye  had  become 
sharply  inflamed  and  so  painful  as  to  interfere  with  sleep.  Examina- 
tion showed  anterior  staphyloma,  extensive  deep  ulceration  of  the 
cornea,  hypopyon,  and  iritis.  There  were  also  intense  photophobia 
and  extreme  hyperesthesia.  The  eye  was  enucleated  and  found  to  be 
atrophied  and  of  stony  hardness.  The  space  normally  occupied  by 
the  vitreous  was  filled  with  an  imperfectly  rounded  body  of  rough 
surface  and  whitish  color,  weighing  2.3  gm.  and  measuring  2x1x1  cm. 
The  lens  was  ossified.  The  ocular  coats,  not  excepting  the  choroid, 
were  found  microscopically  neither  ossified  nor  calcified,  but  pre- 
sented merely  the  changes  characteristic  of  chronic  inflammation. 
The  central  mass  had  the  histologic  structure  of  true  bone. 

It  must  not  be  forgotten  that  the  possibility  of  ossification  of  the 
vitreous  has  been  denied  absolutely  by  Knapp,  though  confirmed  by 
Virchow  and  Hyrtl.  The  bony  tissue  in  Reyero's  case  was  probably 
formed  by  ossification  of  exudate  thrown  into  the  vitreous  from  the 
uveal  tract,  and  subsequently  organized. 
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Vitreous,  Parasites  in  the.  Vitreous  entozoa.  Three  kinds  of  animal 
parasites  have  been  found  in  the  vitreous  body.  They  are  the  cysti- 
cercus  cellulosa?,  which  is  not  rare  in  Nortli  Germany,  where  raw 
meat  is  often  an  article  of  diet,  but  is  extremely  uncommon  in  France, 
Austria,  England,  and  America ;  the  filaria  sanguinis  hominis,  which 
has  been  observed  a  few  times;  and  the  hydatid  cyst,  Avhieh  is  of  rare 
occurrence.  This  subject  has  already  been  discussed  in  the  section 
on  Parasites,  Ocular,  p.  9265,  Vol.  XII;  under  Cysticercus  cellu- 
losae,  p.  3660,  Vol.  Y ;  and  under  Echinococcus  (hydatic  cyst),  p. 
4123,  Vol.  VI  of  this  Encyclopedia. 

A  recent  account  of  a  case  of  cysticercus  in  the  vitreous  has  been 
recorded  in  the  person  of  a  United  States  soldier  by  de  Schweinitz 
and  AViener  {Trans.  Oph.  Sec,  A^n.  Med.  Assocn.,  June,  1919). 

Vitreous,  Prolapse  of  the.  See  Vitreous,  Injuries  of  the;  as  well  as 
under  the  various  Cataract  headings,  especially  on  p.  1722,  Vol.  Ill 
of  this  Encyclopedia. 

Vitreous,  Purulent  inflammation  of  the.  See  Hyalitis,  Purulent. 

Vitreous,  Replacement  of  the.  Vitreous  substitution.  ]\Iost  of  the 
work  in  an  attempt  to  replace  lost  or  diseased  vitreous  by  other  mate- 
rial has  been  done  by  Romer,  Elschnig  and  Dor.  In  a  paper  read 
before  the  Oph.  Gesellschaft  in  1911  Elschnig  gave  the  results  of  two 
years'  experience  in  the  treatment  of  various  pathological  conditions 
of  the  vitreous,  by  removal  of  a  portion  of  that  humor,  by  means  of 
a  syringe,  and  its  replacement  by  an  e(iual  quantity  of  phj'siological 
salt  solution.  This  essay  is  abstracted  in  the  Oph.  Review,  p.  40, 
Feb.,  1912. 

In  1903,  as  a  result  of  experiments  on  animals,  Romer  suggested 
that  hemorrhagic  lesions  in  the  vitreous  might  be  treated  by  a  blood 
serum  which  was  hemolytic  to  human  blood  corpuscles.  Elschnig 's 
experience  of  this  procedure  convinced  him  that  it  Avas  not  suitable 
for  liuman  eyes.  He  has  since  treated  a  series  of  cases  of  disease  of 
the  vitreous  by  the  removal  of  a  portion  of  the  abnormal  vitreous,  and 
the  injection  of  an  equal  quantity  of  salt  solution  in  its  place.  This 
may  be  repeated  after  an  interval  of  two  to  three  weeks. 

Birch-Hirschfeld  has  already  shown  that  in  the  eyes  of  rabbits  the 
removal  of  vitreous  is  often  followed  by  detachment  of  the  retina, 
or  by  thickening  of  the  tissue  of  the  vitreous. 

Loewenstein  and  Samuels,  Avorking  in  Elschnig "s  clinic,  have  re- 
moved vitreous,  Avithout  any  compensatory  injection,  from  the  eyes 
of  10  rabbits.  The  loss  of  small  quantities  of  vitreous  up  to  0.3  ecm. 
Avas  not  followed  by  any  bad  result.  In  tAVO  cases  in  Avhich  0.4  ccm. 
Avas  removed,  one  showed  gross  changes  in  tlie  viti-eous ;  the  other 
retained  a  clear  vitreous. 


13674  VITREOUS,  REPLACEMENT  OF  THE 

The  removal  of  more  than  0.5  eem.  of  vitreous  was  followed  in  all 
cases  by  hemorrhage  into  the  vitreous,  formation  of  grey  membranes 
in  the  vitreous,  or  detacliment  of  the  retina. 

The  results  of  removal  of  vitreous  and  its  replacement  by  salt  solu- 
tion were  much  more  favorable.  Immediately  after  the  injection 
small,  lustrous  flakes  were  visible  in  the  vitreous  in  all  cases.  Of 
6  cases  in  which  0.5  to  0.8  ccm.  of  vitreous  w^ere  removed,  in  only 
one  was  there  a  rent  in,  and  detachment  of,  the  retina,  perhaps 
from  a  wound  by  the  canula;  in  one  a  circumscribed  hemorrhage 
occurred ;  in  one  very  fine  dust  opacities  appeared  in  the  vitreous ;  in 
three  cases  the  vitreous  retained  its  normal  transparency  and  in  one 
of  these  0.8  ccm.  had  been  removed. 

By  the  use  of  a  solution  of  India-ink  it  was  shown  that  half  an 
hour  after  removal  of  about  0.5  ccm.  of  vitreous,  and  the  injection 
of  an  equal  quantity  of  fluid,  the  whole  vitreous  was  equally  infiltrated 
by  the  solution. 

Anatomical  examination  of  eyes  treated  as  above  and  then  fixed 
in  Zenker's  fluid,  showed  numerous  small  spaces  in  the  vitreous  filled 
with  clear,  slightly  albuminous  fluid. 

Elschnig  has  employed  this  method  of  treatment  on  15  ej^es,  in 
11  patients;  the  conditions  were  those  of  dense  opacity  of  vitreous 
following  liemorrhage  (disease  of  vessels  and  retinitis  proliferans)  or 
irido-cyclitis ;  in  one  instance  traumatic  hemophthalmus  and  infiltra- 
tion of  vitreous,  once  aseptic,  once  septic;  and  in  6  cases  detachment 
of  the  retina. 

In  3  cases  (4  eyes)  of  opacity  of  the  vitreous  following  hemorrhage, 
remaining  unchanged  for  many  months,  so  much  clearing  of  the 
vitreous  resulted  from  this  treatment  that  in  each  case  a  good  view 
of  the  fundus,  both  by  direct  and  indirect  ophthalmoscopic  examina- 
tion, was  obtained ;  the  vision,  previously  limited  to  perception  of 
light,  rose  to  a  degree  wliich  was  commensurate  with  the  condition 
of  the  structures  in  the  anterior  segment  of  the  eye,  e.  g.,  lenticular 
degeneration.  In  one  case  of  retinitis  proliferans  nearly  normal  acuity 
was  regained. 

The  results  in  cases  of  vitreous  opacity  following  iridocyclitis  were 
much  less  favorable,  and  no  benefit  occurred  in  the  case  of  traumatic 
hemophthalmos.  A  very  transitory  improvement  occurred  in  a 
staphylococcal  infection  of  tlie  vitreous,  and  a  good  result  in  a  case 
of  aseptic  infiltration  of  the  vitreous  after  injury  by  a  shot-pellet. 

In  nearly  all  instances  the  injection  was  well  tolerated.  In  a  few 
of  the  early  cases  in  w^hich  as  much  as  0.7  to  0.8  ccm.  were  with- 
drawn, an  iritis  with  a  small  hypopyon  developed,  but  it  had  no 
effect  upon  the  ultimate  good  result.     In  one  case,  in  which  there 
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was  gross  vitreous  opacity,  possibly  associated  with  retinitis  prolifer- 
ans,  iritis  and  increased  tension  ensued. 

By  reason  of  his  clinical  observations,  and  of  experiments  on  ani- 
mals, the  author  recommends  a  trial  of  this  method  of  treatment  in 
cases  of  long-standing  hemorrhage  into  the  vitreous  and  of  other 
kinds  of  advanced  vitreous  opacity. 

Dor  (OpJi.  Year-Book,  p.  231,  1912),  in  one  case  of  blindness  from 
vitreous  hemorrhage,  made  two  openings  in  the  eye;  and,  instead  of 
the  0.85  per  cent,  salt  solution,  injected  into  one  opening  tlie  com- 
paratively fluid  vitreous  of  a  horse,  while  the  blood  was  permitted  to 
escape  from  the  other.  The  patient  remained  entirely  blind,  and 
two  years  later  the  eye  thus  treated  was  soft,  although  the 
other  retained  normal  tension.  We  know  now  by  laboratory  expe- 
rience that  the  tissue  of  one  animal  is  a  dangerous  thing  to  introduce 
into  an  animal  of  another  species,  and  the  previous  experience  of 
Elschnig  had  shown  the  importance  of  this  danger  in  attempts  to  re- 
place the  vitreous. 

Vitreous,  Serologfy  of  the.  Conclusions  from  the  action  of  sera  on  the 
vitreous  have  been  largely  drawn  from  experiments  on  the  lower 
animals.  Among  these  are  the  observations  of  Kuffler  {Opli.  Year- 
Book,  p.  205,  1913)  in  animals  which  had  been  highly  immunized, 
either  actively  or  passively.  He  found  that  there  may  occur  a  passage 
of  antibodies  into  the  vitreous  of  the  healthy  eye.  This  happens, 
however,  in  very  small  quantities,  and  the  presence  of  the  antibodies 
cannot  be  demonstrated  in  each  individual  case.  The  appearance 
of  precipitins  could  not  be  ascertained.  Agglutinins  and  hemolysins 
could  only  be  demonstrated  in  the  vitreous  of  animals  whose  serum 
was  immunized  in  very  high  degree.  The  author  regards  the  appear- 
ance of  bacteriolysins  and  antitoxins  in  the  vitreous  as  proved  beyond 
question. 

The  resistance  of  the  vitreous  to  various  micro-organisms  lias  also 
been  studied  by  Salus,  who  found  that  for  a  time  the  mnnber  of 
bacteria  experimentally  introduced  was  diminished,  ])robal)ly  as  tlie 
result  of  the  change  in  nutrient  medium.  The  period  of  multiplica- 
tion followed,  and  when  this  multiplication  had  reached  a  certain 
height,  Avhich  varied  for  different  organisms,  the  intervention  of  cellu- 
lar and  non-cellular  protective  bodies  began.  The  peculiar  position 
of  the  ocular  interior  as  regards  resistance  to  bacterial  invasion  seems 
to  depend,  not  on  tlie  fact  that  tlie  protective  substances  ;ict  here  too 
feebly,  Init  that  tliey  intervene  too  late. 

Vitreous,  Spectrum  of  the.  Images  (entoptic  phenomena)  observed 
by  the  individual  in  his  own  (normal)  vitreous.    These  are,  generally 
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speaking,   inusccc  volitanics,  or,  rather,  such  objects  as  are  seen  by 
entoscopy.     See  p.  4329,  Vol.  VI  of  this  Encyclopedia. 

Bonders  {Accommodation  and  Refraction,  p.  197)  sho-\vs  the  vitreous 
spectrum  as  exhibiting  in  this  waj^  small,  isolated  circles;  pearly 
strings,   colicrent  circles,  and  minute  membranes. 

Vitreous  spheres.     >See  p.  4428,  Vol.  VI  of  this  Encyclopeclia. 

Vitreous,  Tumors  of  the.  Occasionally  tumor  cells  of  neoplasms  of  the 
clioroid,  I'ctina  or  optic  nerve  are  carried  into  the  vitreous  body  and 
develop  a  metastasis  there.  Parsons  says  that  glioma  endophytum 
(see  p.  5679,  Vol.  VII  of  tliis  Encyclopedia)  is  the  commonest  form 
of  tumor  in  which  this  occurs.    See  Tumors  of  the  eye,  herein. 

Vitreous  vessel  formation.  Tlie  development  of  new  vessels  in  the 
vitreous  is  a  rare  condition.  The  vessels  are  derived  from  the  retinal 
system,  generally  coming  from  the  optic  disc,  but  have  been  seen 
springing  fi'om  the  periphery  of  the  retina.  After  ruiming  forward 
as  fine,  convoluted  branches  they  form  loops  and  return.  Most  of 
the  cases  on  record  occiu-red  in  syphilitic  subjects,  and  in  several  of 
them  there  were  hemorrhages  into  the  vitreous.  See  the  illustration 
of  Harlan's  case   {Trans.  Am.  OpMlialm.  8oc.,  1889). 

The  only  case  of  new  vessel-formation  in  the  Adtreous  which  the 
w'riter  has  seen  occurred  in  a  man  who  attempted  suicide,  but  suc- 
ceeded only  in  passing  the  bullet  through  both  orbits.  The  optic 
nerve  on  one  side  was  severed  close  to  the  globe.  In  this  eye  an  in- 
tense papillitis  and  abundant  vitreous  hemorrhage  was  followed  by 
tlie  formation  of  a  large  opaque  mass  in  the  i^osterior  pole  and  the 
subseqvient  development  of  new  vessels.  In  some  of  the  reported  eases, 
under  antisyphilitic  remedies,  the  exudation  has  cleared  and  many  of 
the  vessels  have  disappeared.  In  a  case  recorded  by  Hirschberg  a 
bluish  mass  of  connective  tissue  was  situated  on  the  disc,  hiding  the 
exit  of  the  vessels,  while  a  vascular  web,  likened  to  the  framework  of 
a  fly's  wing,  extended  upward  and  inward. 

Tlie  treatment  of  this  rare  condition  consists  in  the  internal  admin- 
istration of  mercurials  and  iodids. —  (J.  LI.  B.) 

Dujui  {Opli.  Year-Bool-,  p.  229,  1912)  has  reported  a  case,  watched 
for  more  than  a  year,  in  which  the  vitreous  twice  became  so  full  of 
exudate  as  to  give  a  dark  reflex  and  preclude  seeing  the  fundus  de- 
tails. When  first  seen  there  were  dust-like  opacities  and  peculiar 
vascular  fibrinous  masses  extending  forward  S  D.  These  masses  con- 
sisted of  semi-transparent  whitish  glistening  exudate,  containing  great 
]i umbers  of  blood   vessels,  varying  in  size  from  the  largest  retinal 
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arteries  to  those  barely  visible.  The  vessels  anastomosed  freely,  many 
of  the  branches  ending  in  knobs,  Avhich  consisted  of  the  terminal 
t-\vigs  Avinding  upon  themselves.  A  few  small  hemorrhages  were 
noted.  The  vessels  were  seen  to  extend  and  form  ncAV  loops.  The 
second  eye  l)ecame  similarly  involved.  Mercury  and  large  doses  of 
potassium  iodid  were  given.  At  the  end  of  ten  months  the  eyes 
seemed  doomed;  but  three  months  after  that  tlie  vision  of  tlie  eye 
first  affected  was  noted  as  "excellent."'  In  the  other  eye  the  vascular 
tufts  Avere  still  increasing ;  and  were  reaehing  almost  to  the  posterior 
surface  of  the  lens. 

rersistent  hyaloid  artery  and  similar  coufjenital  conditions  liave 
been  discussed  under  Vitreous,  Malformations  of  the,  and  under 
other  captions  elsewhere  in  this  Encyclopedia. 

Vitrescent.    Turning  into  glass;  tending  to  become  glassy;  hyaleseent. 

Vitreum.     The  corpus  vitrcum  or  vitreous  humor  of  the  eye. 

Vitrics.  (a)  The  study  or  history  of  glass  and  glass  manufacture. 
(b)  Glass  and  glassy  materials  in  general. 

Vitriol,  blue.    See  Copper  sulphate,  p.  3314,  Vol.  Y  of  this  Encyclopedia. 

Vitriol  de  cuivre.     (F.)     Copper  sulphate. 

Vitriolum  album.    See  Zinc  sulphate. 

Vitriol,  White.    See  Zinc  sulphate. 

Vittadini,  Angelo.  An  Italian  surgeon  and  physiologist,  who  devoted 
considerable  attention  to  the  physiology  of  the  eye.  Born  at  Pavia 
Aug.  21,  1802,  lie  tliere  received  his  medical  degree  in  1824,  there 
practised  and  there  taught,  for  a  good  many  years,  surgery,  pathology, 
materia  medica,  and,  later,  higher  anatomy  and  physics.  He  became 
professor  emeritus  in  1862,  and  died  April  18,  1874.  Vittadini 's 
writings  are  as  follows:  1.  Osscrvazioni  eel  Espcrimenii  sidla  Vista 
e  sul  Gusto.  (Milan,  1853.)  2.  Tcoria  Fisioloejica  della  Visione,  etc. 
(Pavia,  1854.)  3.  Memoria  sul  Mcccanismo  della  Visione.  (Pavia, 
1862.)  — (T.  II.  S.) 

Vleminck,  Jean  Francois.  A  well-known  Belgian  pliysit-ian  and  oph- 
thalmologist. Born  at  Brussels,  Nov.  30,  1800,  he  received  his  medical 
degree  at  Lyons  in  1822,  and  then  for  about  a  year  he  studied  in 
Paris,  devoting  liis  attention  chiefly  but  not  exclusively  to  ophthal- 
mology. Returning  to  Brussels,  he  practised  both  as  internist  and  as 
ophthalmologist.  Among  his  more  important  ophthalmologic  Avrit- 
ings  were:  "Notices  sur  VOphtludmie  de  rArmee"  and  "Essai  sur 
rOphthalmic  des  Pays-Bas"  (Brussels,  1825.)  He  was  for  twenty- 
six  years  a  collaborator  on  the  ''Arch,  d-c  Med.  Beige."  He  died  Mar. 
18,"l876.— (T.  H.  S.) 
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Vocational  disability.  As  Lloyd  ]\Iills  {Jouni.  Am.  Med.  Assocn.,  Sept. 
2,  1916)  and  nuiiiy  others  have  shown,  abnormal  ocular  affections  (and 
especially  eye  strain)  bring  about  a  large  percentage  of  vocational 
disability.  This  occurs  among  those  that  use  their  accommodation  to 
excess — stenographers,  students,  teachers,  bookkeepers,  seamstresses, 
milliners,  ct  al — types  of  workers  who  can  least  well  afford  the  dis- 
ability from  the  economic  standpoint.  See  Occupational  diseases, 
p.  8466,  Vol.  XI  of  this  Encyclopedia;  also  under  Care  of  the  eyes. 

Vocational  reeducation  of  the  hlinded.  See  Reeducation  of  the 
blinded,  p.  10899,  Vol.  XIV  of  this  Encyclopedia. 

Vogel,  Samuel  Gottlieb  von.  Son  of  Rodolph  Augustus  V.,  and  him- 
self a  well-known  internist,  who  wrote  a  treatise  on  hemeralopia 
(Loder's  Jour.  f.  CMr.,  I,  1797).  Vogel  was  born  at  Erfurt,  Mar.  14, 
1750,  received  his  medical  degree  at  Gottingen,  practised  in  various 
German  tOAvns  and  cities,  chiefly  Rostock,  and  died  of  influenza,  Jan. 
19,  1837.— (T.  H.  S.) 

Vogel,  Zacharias.  A  well-known  German  surgeon,  especially  celebrated 
as  a  herniotomist  and  cataract  operator.  The  date  and  place  of  his 
birth  are  not  known.  He  practised  at  Llibeck,  and  there  died  April 
18,  1772. 

His  only  ophthalmologic  writing  was  entitled  ^'De  Lento  Crystallina 
Extracia  per  Corncm  Aperturam." — (T.  H.  S.) 

Vogler,  Johann  Heinrich  Christoph.  A  well-knoAvn  German  surgeon, 
who  devoted  considerable  attention  to  diseases  of  the  eye.  Bom 
Mar.  5,  1772,  at  Hesse  in  Braunschweig,  the  son  of  a  surgeon,  he 
received  his  medical  degree  in  1795  at  Helmstaedt.  His  dissertation 
on  this  occasion  was  entitled  "De  Macidis  ante  Ocidos  Volantihus" 
— the  only  ophthalmologic  wa-iting  which  he  ever  published.  He 
practised  for  a  time  in  Hesse,  then  in  Helmstaedt.  Late  in  life,  he 
became  hard  of  hearing,  gave  up  practice,  and  founded,  together  with 
Dr.  Wilhelm  Koerte,  a  Book  and  Art  Store.  Still  later,  he  removed 
to  Potsdam,  where  he  continued  in  the  book  trade.  He  died  Feb.  3, 
1836.— (T.  H.  S.) 

Vogtherr,  of  Strassburg.  He  published  in  1538  a  popular  work,  en- 
titled "Ein  Ncues  HochniltzUcJies  Bilchlein  von  Erkenntniss  dsr 
Krankheiten  der  Augen." — (T.  H.  S.) 

Voir.     (F.)     To  see. 

Voit,  Gottlob  Wilhelm.  A  German  physician,  who  paid  considerable 
attention  to  ophthalmology.  Born  in  1787,  he  received  his  medical 
degree  in  1809  at  Landshut,  and  practised  for  a  very  short  time  at 
Schwenfurth.     He  died  June  12,  1813,   aged  only  26. 

Voit's  only  ophthalmologic  writing  was  entitled  "Comment.  Med.- 
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Chir.  Exhihcns  Oculi  Humani  Anatomiam  et  PatJiologiam,  ejusdcmqne 
in  Statu  Morloso  Extirpationem"  (Niinib.,  1810). —  (T.  H.  S.) 
Volkmann,  Alfred  Wilhelm.  A  celebrated  German  physiologist,  Avho 
paid  considerable  attention  to  the  physiology  of  the  eye.  Born  at 
Leipsie,  July  1,  1800,  he  there  received  his  medical  degree  in  1826. 
After  a  number  of  scientific  journeys  to  French  and  English  univer- 
sities, he  qualified  in  1828  as  privatdocent  at  the  Leipsie  University, 
in  1834  became  professor  extraordinarius  of  zootomy,  and  in  1837  was 
called  as  professor  of  physiology,  pathology,  and  semiotics  to  Dorpat. 
In  1843  he  was  made  professor  iii  ordinary  for  physiology  at  Halle. 
He  was  widely  known  for  the  clearness  and  thoroughness  of  his 
teaching.     He  died  April  21,  1877. 

Volkmann 's  ophthalmologic  writings  are  as  follows:     1.  Neue  Bci- 
trlige  zur  Physiologie  cles  Gesichtssinncs.   (Leipsie,  1836.)     2.  Physio- 
logische  UiitcrsucJiung  im  Gchict  dcr  Opiik.   (2  Hefte,  Leipsie,  1863- 
'64.)  — (T.  H.  S.) 
Volkmann,  Discs  of.     See  p.  4034,  Vol.  VI  of  this  Encyclopedia. 
Volpi,  Tommaso.     An  Italian  surgeon,  who  published  a  work  on  the 
fistula  lacrimalis.     He  was  born  in  1761,  became  a  pupil  of  Scarpa, 
practised  at  Pavia,  and  died  in  1822. —  (T.  H.  S.) 
Voluntary  inhibition.     The  voluntary  restraint  of  reflex  actions,  such 

as  the  arrest  of  winking  when  the  eyeball  is  touched. 
Voluntary  iris.     Avian  iris.     This  term  is  applied  to  those  rare  cases 
in  which,  without  change  in  convergence  or  accommodation,  the  indi- 
vidual can,  like  most  birds,  (see  Bird's  iris,  p.  982,  Vol.  II)  contract 
and  dilate  the  iris  at  Avill. 
Volution.    A  twist ;  a  spiral  turn. 

Volvelle.  (F.)  A  pair  of  lantern  transparencies  or  other  designs 
superj^osed  and  mova])le  one  over  the  other  for  the  purpose  of  show- 
ing variations. 
Voorhies,  A.  H.  An  American  ophthalmologist,  widely  known  for  his 
cataract  operations.  Born  of  Dutch-American  ancestry,  he  received 
his  medical  degree  from  the  University  of  Pennsylvaiua,  ^lar.  15, 
1860,  and  served  for  a  time  in  the  Pennsylvania  Hospital.  Through- 
out the  Civil  War  he  served  in  a  surgical  capacity,  and,  at  the  ex- 
piration of  the  conflict,  Avent  to  Paris  for  the  study  of  ophthalmology. 
He  settled  in  San  Francisco  in  1881. 

As  has  been  well  said,  "Dr.  Voorhies  created  for  liimself  a  specialty 
within  a  specialty.  That  is  to  say,  he  devoted  himself  assiduously  to 
the  cataract  operation,  and  for  fifteen  or  twenty  years  is  declared  to 
have  extracted  far  more  cataracts  than  all  his  brother  ophthalmologists 
in  San  Francisco." 
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He  wrote  but  little,  bein":  almost  exclusively  an  operator.  He  was 
a  man  of  tlie  utmost  purity  of  character,  and  of  a  fine,  old-fashioned, 
stately  courtesy.  A  correspondent  writes,  "His  placid  self-command 
was  a  blessing  to  nervous  patients,  w^ho  relied  upon  him  instinctively. ' ' 
He  died  in  San  Francisco,  May  5,  1908.— (T.  H.  S.) 

Vordere  Augenkammer.     (G.)     Anterior  chamber  of  the  eye. 

Vorfall.     (G.)     Prolapse. 

Vorlagening.     (G.)    Advancement. 

Vortex  lentis.  Star-like  or  spiral  figures  seen  on  the  surface  of  the 
crystalline  lens. 

Vortex  veins.     See  Venae  vorticosse. 

Vossius  ring-.  See  Cataract,  Vossius  annular,  p.  1769,  Vol.  Ill  of  this 
Encyclopedia. 

Vossius  's  test  for  feigned  blindness.  See  p.  1188,  Vol.  II  of  this  Ency- 
clopeclia. 

Vuerometer.  An  instrument  for  measuring  the  distance  of  the  eyes 
from  each  other.    A  pupilometer. 

Vulture,  The.  The  gall  of  a  vulture,  mixed  with  Attic  honey  and 
marrubium  juice,  was  highly  esteemed  in  ancient  Greco-Roman  times 
as  a  remedy  for  many  diseases  of  the  eye,  especially  incipient  "hypo- 
chyma"  (the  modern  "cataract").  In  nyctalopia  the  broiled  liver 
of  a  vulture  was  often  employed.  (See  Nyctalopia,  History  of  the 
Term.)— (T.  H.  S.) 

W 

W.    The  chemic  symbol  for  Tungsten  or  Wolfram. 

Wagner,  Carl  Wilhelm  Ulrich.  A  celebrated  medico- jurisprudentist 
and  ophthalmologist.  Born  at  Berlin,  Jan.  21,  1793,  as  the  son  of 
the  distinguished  philosopher,  Carl  Franz  Christian  Wagner,  he 
studied  at  first  with  his  father,  later  at  Braunschweig,  Marlburg,  and 
Gottingen.  At  the  last-named  institution  he  received  his  Doctor  of 
Medicine  in  1813.  For  a  time  he  engaged  in  military  practise,  then 
became  professor  of  State  Medicine  at  Berlin. 

His  most  important  writings  are:  " Commentatio  de  Foeminarum 
in  Gravidifafe  Mutaiionihus,  ncc  non  de  Cavsis,  quihits  Fiat  ut  In- 
tegro  earuni  Valetudo  cum  hisce  Midationihii^,"  etc.  (Braunschweig, 
1816)  ;  " De  Medicormn  Jurihus  atque  officiis  Traciaiiis"  (Berlin, 
1819)  ;  "A  few  Words  concerning  Dr.  ScJdaghitweit's  Expressions 
about  my  Instrument  for  the  Formation  of  the  Artificial  Pupil" ; 
^'Concerning  the  Diseases  of  the  Chorioidea";  "A  Feiv  Remarks  Con^ 
cerning  the  So-C ailed  Colohoma  of  the  Iris."  The  three  last-named 
compositions  are  journal  articles. 


WAGNER,  KARL  ERNST  ALBRECHT  13681 

AVagner  is  especially  memorable  because  of  his  invention  of  the 
three  terms — iridotomia,  iridectomia,  and  iridodialysis.  Tliese  he  first 
proposed  in  his  "  Commcniatio  dc  Corcmarphosi,"  which  appeared  at 
Gottingen  in  1818.  Cheselden,  who  invented  the  artificial  pupil  about 
1727,  called  his  procedure,  simply,  "incision  thro'  the  iris."  Shortly 
afterwards  came  into  use  the  expressions :  Coretomia,  Corektomia, 
Corediah'sis,  Coretotomie,  Coretonektomie,  Coretodialysis.  Wagner's 
three  expressions  were  offered  hy  him  as  decided  improvements  on  all 
these  very  undesirable  terms.  It  is  hardly  necessary  to  add  that  Wag- 
ner's terms  supplanted  the  others  very  promptly  and  permanently. 
Wagner  died  Dec.  4,  1846.— (T.  H.  S.) 

Wagner,  Karl  Ernst  Albrecht.  A  celebrated  German  surgeon,  of  a 
slight  importance  in  ophthalmology.  Born  June  3,  1827,  son  of  Carl 
Wilhelm  Ulrich  Wagner,  he  received  his  medical  degree  at  Berlin  in 
1848,  and,  the  following  year,  entered  the  army  in  a  surgical  capacity. 
Having  served  till  the  end  of  the  Schleswig-Holstein  war,  he  studied 
for  a  time  at  Paris  and  Vienna,  and  became  assistant  to  von  Langen- 
beck.  In  1853  he  was  called  to  the  chief  surgeoncy  at  the  City  Hosr 
pital,  Dantzic,  five  years  later,  however,  to  the  full  professorship  of 
surgerj^  and  the  directorship  of  the  Surgical  Clinic  at  Konigsberg. 
Entered  again  into  active  military  service,  he  was  stricken  with 
typhus  at  Dole,  where  he  died  Feb.  15,  1871. 

His  only  ophthalmologic  writing  was  "Ueber  Amblyopic  und  Amau- 
rose  bei  Bright 'scher  Nierenkrankh."  (Virehow's  Archiv,  IX,  1856). 
—  (T.  H.  S.) 

Wagner,  Philip  Matthew.  A  well-known  ophthalmologist  and  oto- 
larjaigologist  of  Canal  Dover,  Ohio.  Born  at  Sandyville,  Ohio,  son  of 
Christian  and  Matilda  (Phersig)  Wagner,  in  1868,  he  received  the 
medical  degree  at  Ohio  Medical  University  in  1896.  After  some  years 
spent  in  general  practice,  he  turned  his  attention  to  ophthalmology 
and  oto-laryngology  and  settled  as  a  specialist  in  these  branches  at 
Canal  Dover.  He  was  a  Republican,  and  took  a  prominent  part  in 
polities,  being,  for  example,  a  member  of  the  Seventy-Sixth  General 
Assembly.  In  1914,  while  studying  in  Berlin,  he  Avas  taken  ill  with 
cholelithiasis,  and,  before  the  close  of  the  operation  for  this  condi- 
tion, died,  July  24,  aged  46.— (T.  H.  S.) 

Wagner's  disease.  See  Corkscrew  vessels,  p.  3331,  Vol.  Y,  as  well  as 
under  Polycythemia,  p.  10308,  Vol.  XIII  of  this  Encyclopedia. 

Wahlbom,  Johan  Gustaf.  A  celebrated  Swedish  surgeon,  renowned 
especially  for  his  operative  dexterity  in  the  extraction  of  cataract. 
Born  at  Nerike,  Sweden,  Jan.  7,  1724,  he  received  his  medical  degree 
in  1751  at  Upsala.     He  became  professor  of  surgery  seriatim  at  Up- 


13682  WAHRNEMUNG 

sala,  Linid  and  Stockliolni.  Later,  he  studied  in  Germany,  and,  return- 
ing; to  Sweden,  became  physician-of-tlie-Provinee  in  Kalmar.  He 
died  Jan.  25,  1807. 

In  addition  to  books  and  articles  of  a  general  medical  and  surgical 
character,  he  wrote  " Skriftvdxling  om  alia  B.rukliga  Sdtt  att  Operera 
Starrcn  jni  orjonen."  (Stockholm,  1766.)  — (T.  H.  S.) 

Wahrnemung:.      (CI.)      Perception. 

Wainewrig'ht,  Benjamin.  A  well-known  English  ophthalmologist,  who 
w^as  born  in  1853  and  who  died  suddenly  of  heart  disease  at  Pontre- 
sina,  Switzerland,  Aug.  28,  1910.  He  was  once  assistant  surgeon  to 
the  Royal  Westminster  Ophthalmic  Hospital,  and  was  winning  con- 
siderable reputation,  but,  being  wealWiy,  retired  from  practice  a 
number  of  years  before  his  death. —  (T.  H.  S.) 

Wainscoted  fundus.  The  appearance  in  pigment  degeneration  of  the 
retina  associated  Avith  alterations  in  the  latter,  together  with  the 
superficial  choroiditis  commonly  present  with  it. 

Wait,  Wm.  B.  An  American  to  whom  we  are  indebted  for  most  of  the 
improvements  in  the  New  York  point  print  for  the  use  of  the  sight- 
less.    See  Alphabets  for  the  blind. 

Walchlis's  doctrine.  That  chromoplane  (cone  pigment)  is  a  iDostmor- 
tem  product. 

Waldhauer,  Karl.  A  Russian  ophthalmologist  of  great  promise  w'hich 
failed  of  fulfillment  because  of  severe  disease  of  his  own  eyes.  He 
was  born  Dec.  20,  1820,  at  Sallenen,  in  Kurland,  and  Avas  for  some 
years  a  pupil  of  von  Graefe.  In  1858  he  settled  as  ophthalmologist 
at  Riga,  Russia,  and  from  1863-1879  was  director  of  the  Widow 
Reimers'  Eye  Hospital.  Later,  he  removed  to  Mitau,  but,  soon  after 
his  arrival,  was  forced  to  retire  from  practice  because  of  his  own 
serious  eye  disease.  From  this  he  never  recovered,  but  in  fact  even- 
tually became  w^holly  blind.  He  was  a  very  kind-hearted,  charitable 
man,  and  educated  a  number  of  oculists  at  his  own  expense. —  (T. 
H.  S.) 

Waldschmidt,  Johann  Jakob.  Born  at  Rudelsheim,  Germany,  he  studied 
at  Giessen  and  a  number  of  other  universities,  and,  in  1667,  having 
returned  to  Giessen,  there  received  his  medical  degree.  He  became 
professor  of  medic-ine  and  physics  at  Marburg,  and  died  Aug.  12,  1687. 
He  w-i'ote  a  number  of  works  in  which  ophthalmic  observations  appear. 
He  incorrectly  ascribed  the  phenomena  know'n  as  nniscm  voUtantcs,  or 
mouchcs  volantcSy  to  bodies  afloat  in  the  aqueous. —  (T.  H.  S.) 

Walker,  Arthur  Nimmo.  A  well-known  Liverpool  ophthalmologist,  son 
of  the  founder  of  St.  Paul's  Eye  and  Ear  Hospital,  George  Edward 
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Walker.     He  served  in  tlie  Boer  War  and  also  in  the  World  War, 
being  killed  in  action  Sep.  24,  1916. 

Says  a  writer  in  "The  Ophthalmoscope,"  Dec.,  1916:  "Walker's 
life-work,  like  that  of  his  father  before  him,  centered  around  St. 
Paul's  Hospital.  Owing  to  his  energy,  he  got  the  institution  rebuilt, 
and  converted  it  from  an  institution  for  eyes  and  ears  into  one  for 
eyes,  pure  and  simple.  But  that  was  not  his  greatest  achievement. 
To  the  great  benefit  of  the  poor  of  Liverpool,  he  instituted  wards  to 
accommodate  babies  suffering  from  ophthalmia,  together  with  their 
mothers,  thereby  setting  an  example  that  might  well  be  followed  by 
other  large  towns.  He  was  deeply  interested  in  every  aspect  of  oph- 
thalmia neonatorium,  and  established  the  closest  relationship  between 
his  hospital  and  the  City  Health  x\uthorities,  with  a  vicAv  both  to 
preventing  the  disease  and  to  curing  it  when  it  had  once  declared 
itself.  Among  the  appointments  held  by  Walker  was  that  of  surgeon 
to  St.  Paul's  Eye  Hospital,  ophthalmic  surgeon  to  the  David  Lewis 
Northern  Hospital,  surgeon  to  the  School  for  the  Indigent  Blind, 
and  assistant  lectui-er  in  anatomy  in  the  University  of  Liverpool." 
—  (T.  H.  S.) 
Walker,  George  Edward.  A  well-known  English  surgeon  and  ophthal- 
mologist, founder  of  the  Liverpool  Dispensary  for  Eye  Patients. 
Born  at  Wigan  in  1840,  he  studied  at  University  College,  London, 
was  clinical  assistant  of  Sir  AVilliam  Bowman  at  the  Royal  London 
Ophthalmic  Hospital  (Moorfields)  and  settled,  in  1870,  at  Liverpool, 
Here  he  founded  the  dispensary  above  mentioned,  which  from  small 
beginnings  soon  became  the  St.  Paul's  Eye  and  Ear  Hospital,  witli 
50  beds  and  10,000  patients  yearly.  In  this  institution  he  worked 
with  unremitting  industry  for  almost  forty  years.  He  was  also  sur- 
geon to  the  School  for  the  Indigent  Blind,  and  the  Hospital  for  Dis- 
eases of  the  Skin — all  in  Liverpool.  He  died  at  Las  Palmas,  Grand 
Canary  Island,  whither  he  had  gone  in  search  of  health,  Feb.  25, 
1909,  leaving  a  widow  and  six  children. 

AValker's  chief  ophthalmic  writing  was  entitled  "Essays  in  Oph- 
fhahnology"  (239  pp.  London,  1879).— (T.  H.  S.) 
Walker,  John.     A  well-known  British  ophthalmologist,  avIio,  for  years, 
was  active  in  the  Manchester  Eye  Infirmary.     Tlic  date  of  his  l)irtli 
is  not  known;  his  death,  however,  occurred  in  1847. 

AValker's  ophthalmic  writings  are  as  folloAvs:  1.  Congenital  Defi- 
ciency of  Both  Eyes.  (Lancet,  XXII,  1832.)  2.  Stimulant  Treatment 
of  Purulent  Ophthalmia.  (La wet,  XXV,  1833,  4.)  4.  On  the  Rela- 
tion Between  Iris  and  Palpebrjc.  [Londan  Med.  Gaz.,  1834.)  4.  Prin- 
ciples of  Ophthalmic  Surgenj.  (London,  1834.)     5.  The  Philosophy  of 
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the  Eye.  (pp.  293,  London,  1837.)  6.  Course  of  Lectures  on  Diseases 
of  the  Eye.  (1839,  40.)  7.  The  Oculist's  Vademecum.  (London, 
1843.)  8.  The  Formation  of  a  New  Pupil  by  Displacement  of  the 
Natural  One.  {Provincial  Med.  d-  Surg.  Jour.,  August,  1843.)  —  (T. 
H.  S.) 

Walker's  operation.    Ilyposeleral  cyclotomy  for  glaucoma  {q.  v.). 

Walker,  Thomas  Shadford.  A  celebrated  English  ophthalmologist. 
Born  about  1834  at  Burslem,  Staffordshire,  he  studied  at  King's 
College  Hospital,  London,  later  became  a  Member  of  the  Royal 
College  of  Surgeons,  and  shortly  afterward  assistant  surgeon  and 
surgeon  at  the  Eye  and  Ear  Infirmary,  where  he  labored  with  great 
success  for  almost  twenty  j^ears.  He  was  also  for  a  number  of  years 
instructor  in  ophthalmic  medicine  and  surgery  at  the  Medical  Faculty 
of  University  College.  He  was  a  man  of  many  interests,  was  president 
of  the  Art  Club  in  Liverpool  (as  well  as  one  of  the  founders  thereof), 
and  possessed  a  large  and  choice  collection  of  art  objects,  especially 
Wedgwood  ware.     He  died  Sept.  28,  1885. 

His  writings,  all  of  which  were  ophthalmologic,  were  as  follows: 

1.  On  Ulcers  of  the  Cornea.     {Liverpool  Med.  &  Surg.  Reports,  IV.) 

2.  Glaucoma.  {Ihid.)  3.  Eare  Form  of  Injury  to  the  Eyes.  {Man- 
chester and  Liverpool  Medical  and  Surgical  Reports,  1876.)  4.  Pecu- 
liar Case  of  Injury  to  the  Retina  and  Choroid.  {Ihid,  1880.)  — (T. 
H.  S.) 

Walker,  William.  A  celebrated  Scotch  ophthalmologist,  concerning 
whom  (very  strangely)  but  little  is  now  known.  Born  in  1814,  he 
died  in  1884,  aged  70.  For  33  years  he  was  ophthalmic  surgeon  to 
the  Royal  Hospital  in  Edinburgh ;  lie  was  also  ophthalmologist  to  the 
Queen  of  Scotland.— (T.  H.  S.) 

Walking-,  Vision  in.     See  Visual  space  perception. 

Wallace,  James  Philip.  A  well-known  American  ophthalmologist, 
brother  of  Franklin  E.  Wallace,  ophthalmologist  of  Pueblo,  Colorado. 
Born  at  Lafayette,  Indiana,  Fel).  25,  1841,  he  received  his  medical 
degree  at  Jefferson  Medical  College  in  1864.  Entering  the  army,  he* 
served  till  the  end  of  the  War  as  assistant  surgeon.  He  then  matricu- 
lated at  Bellevue  jMedical  College,  from  which  institution  he  re- 
ceived the  degree  of  M.D.  ad  cundem  in  1866  or  '67.  Having 
studied  the  eye,  ear,  nose  and  throat,  both  in  New  York  and  in  Lon- 
don, he  practised  as  ophthalmologist  and  oto-laryngologist  for  a  num- 
ber of  years  at  Lafayette,  Ind.  In  1876,  however,  on  account  of 
tuberculosis,  he  removed  to  Colorado,  where  he  practised  chiefly  gen- 
eral medicine. 

Little  by  little  he  turned  his  attention  to  mining,  and  in  1889  gave 
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up  medicine  entirely.  He  Avrote  a  book  entitled  ''Ore  Deposits"  which 
was  published  in  1910  by  the  Hill  Publishing  Company,  of  Ncav  York 
City,  and  which  is  said  to  be  a  highly  useful  work.  One  of  his  most 
important  mining  enterprises  was  the  driving  of  the  Nelson  Tunnel 
at  Creede,  Colo.,  into  Bachelor  mountain — a  procedure  undertaken 
for  the  draining  of  the  mines  above  and  also  of  tapping  the  Baclielor 
vein.  He  was  also  greatly  interested  in  onion  culture,  and  made  a 
number  of  important  discoveries  with  relation  to  that  subject. 

Early  in  1910  Wallace  went  to  Culiacan,  Old  ^lexico,  Avhere  for  a 
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James  Philip  Walkiee. 

time  lie  operated  in  mines  and  lands.  Soon,  however,  becoming  af- 
flicted with  acute  Bright 's  disease,  he  attempted  to  return  to  Colorado, 
but  died  at  Nogales,  Arizona,  June  19,  1910. 

Dr.  Wallace  was  a  man  of  impressive  appearance,  also  of  the 
)iighest  moral  character.  He  was  five  feet  ten  inches  tall,  slim,  broad 
shouldered,  and  weighed  110  pounds.  He  was  very  light  and  athletic, 
and,  although  somewhat  retiring  in  his  disposition,  was  a  pleasant 
companion  and  a  well  loved  friend.  He  was,  in  fact,  a  friend  not 
merely  of  people,  but  also  of  the  lower  animals,  and  many  of  the 
dogs  and  horses  in  the  community  in  which  he  lived  were  well  ac- 
quainted with  him  and  very  fond  of  him.  He  was  an  ardent  Chris- 
tian, a  member  of  the  Presbyterian  Clnnvh  from  early  boyhood  Idl 
his  death.— (T.  H.  S.) 
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Wallace,  William  Clay.  An  early  American  surgeon,  of  considerable 
importance  in  ophthalmology  because  of  his  skill  as  an  operator  and 
because  of  his  writings  on  the  comparative  anatomy  of  the  eye.  The 
dates  of  his  birth  and  death  are  not  known.  He  practised,  however, 
as  oculist  in  New  York  City  for  a  number  of  j'ears.  He  published  in 
1836  the  first  edition  of  his  little  book,  and,  in  1839,  a  second,  and 
in  1841  a  third.  The  title  of  the  first  edition  is  not  known,  that  of 
the  second  is  "A  Treatise  on  the  Eye,  containing  the  Discoveries  of 
the  Cause  of  Near  and  Far  Sightedness,  and  of  the  Affections  of  the 
Retina,  with  BemarJi's  on  the  Use  of  Medicines  as  Suhstitutes  for  Spec- 
tacles." The  title  of  the  third  edition  was  "Wonders  of  Vision.  A 
Treatise  on  the  Eye."  In  1850  he  published  a  very  small  (duodecimo) 
of  thirty-six  pages,  entitled  '^The  Accommodation  of  the  Eye  to  Dis- 
tances." This  book  contains  original  matter  of  some  value. —  (T. 
H.  S.) 

Wall-eye.  A  condition  in  which  (a)  the  iris  is  whitish,  (b)  the  cornea 
shows  an  opacity  or  (c)  there  is  divergence  of  one  eye.  The  wall-eyed 
pike  is  a  fish  "with  a  large  staring  eye." 

Wall  paper.  See  Interior  decoration,  p.  6532,  Vol.  IX  of  this  Ency- 
clopedia. 

Wall-paper  experiment.  This  is  the  socalled  (German)  Tapcicn  hilder 
and  is  described  by  Burch  {Phys.  Optics,  p.  71)  as  follows:  Use  as 
object  a  wall-paper  with  some  well-defined  simple  pattern,  repeating 
itself  every  foot ;  or,  better,  every  6  inches.  Placing  yourself  in  front 
of  it  at  some  distance — 3  or  4  yards — direct  your  eyes  to  some  small 
object,  e.g.  a  bead  on  a  wire,  that  can  be  gradually  brought  nearer. 
The  convergence  of  the  axes  of  the  eyes  causes  the  more  distant  image 
of  the  paper  to  double,  the  separation  increasing  until  the  pattern 
overlaps  by  an  entire  unit,  when  quite  suddenly  the  tw'o  images  will 
appear  to  fuse  into  one  much  nearer  than  the  wall  and  also  much 
smaller  than  the  original. 

If  5'ou  continue  to  move  the  object  nearer,  the  images  will  again 
double,  the  overlap  will  increase  until  it  amounts  to  two  units  of  pat- 
tern, when  there  will  be  a  sudden  fusion  and  fitting  together  of  the 
pattern  which  will  look  still  smaller  and  nearer. 

The  process  maj'  be  repeated  until  three  or  four  overlaps  have  been 
noted.  But  by  this  time  the  observer  will  probably  realize  that  he  is 
squinting  badly  and  that  the  effort  is  painfull}^  fatiguing. 

It  is  interesting  to  note  how  the  mind,  misled  by  the  muscular  effort 
of  convergence,  judges  the  distance  of  the  images  accordingly,  taking 
no  heed  of  the  fact  that  the  focusing  does  not  correspond  with  the  con 
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vergence.    But  it  is  this  lack  of  correspondence  that  causes  the  sensa- 
tion of  fatigue. 

The  phenomenon  is  one  that  many  children  find  out  for  themselves — 
the  present  writer  remembers  doing  so  when  seven  years  old,  and  he 
has  come  across  many  other  cases. 

Wall-pepper.    An  ancient  remedy  for  certain  eye  diseases.    See  House- 
leek, 

Wall  table.     One  of  the  numerous  but  useful  adjuncts  to  hospital  and 
office  work  of  the  surgeon.    One  of  these  is  depicted  in  the  text. 


Wall  Table. 


Walnut,  English.  European  walnut.  Nux  regia.  The  leaves  and 
green  shells  of  Juglans  regia  are  used  in  medicine.  They  contain 
tannin,  a  volatile  oil,  mucin  and  extractive  matters.  A  decoction  of 
the  shells  has  for  many  years  been  popular  in  Europe  as  an  applica- 
tion to  "sore  eyes" — acute  and  chronic  blepharoconjunctivitis  es- 
pecially. In  the  same  way  a  few  drops  of  the  fluid  extract,  diluted 
with  10  to  50  times  their  weight  of  water,  have  been  prescribed  as  a 
lotion  in  all  forms  of  conjunctivitis. 

Walter,  Albert  G.  A  German- American  orthopedist,  lithotomist,  and 
ophthalmologist,  known  especially  for  having  been  the  first   (Jan.  V2, 
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1859)  to  open  the  abdomen  for  rnptiire  of  the  bladder  and  even  the 
first  to  perform  a  laparotomy  for  any  kind  of  injnry.  Born  in  Ger- 
many in  1811,  he  received  his  medical  degree  at  Konigsberg,  took  one 
year  of  fnrther  study  at  Berlin,  and  then  removed  to  America.  For 
the  first  two  years  he  practised  at  Nashville,  Tenn.,  then  removed  to 
Pittsbni'g,  where  he  practised  until  his  death  in  1876.  lie  never  gave 
up  general  surgery,  but  was  widely  known  as  an  operator  on  the  eye, 
especially  for  strabismus  and  cataract.- — (T.  H.  S.) 
Walther,  Philipp  Franz  von.  A  famous  German  surgeon  and  ophthal- 
mologist. Born  Jan.  3,  1782,  at  Burweiler,  in  the  Rhenish  Palatinate, 
he  studied  his  profession,  at  Heidelberg,  Vienna  and  Landshut,  at  the 
latter  institution  receiving  his  degree  in  1803.  Almost  immediately 
afterward,  though  only  21  years  old,  he  was  appointed  medical  coun- 
cillor, ordinary  professor,  and  chief  surgeon  to  the  hospital  in  Bam- 
berg. Later  he  studied  in  Paris,  and,  in  1801,  was  made  professor  of 
physiology  and  surgery  in  Landshut,  in  both  of  w^hicli  subjects,  but 
especially  in  the  latter,  he  speedily  became  famous.  In  1811  he  was 
made  "Rector  Magnificus." 

Five  years  later  he  accepted  a  call  to  Halle,  but  the  following  year 
removed  to  Heidelberg,  and,  one  year  later  still,  accepted  the  chair 
of  surgery  and  ophthalmology  at  Bonn.  Here  it  was  that  von  AValter 
attained  the  acme  of  his  career.  Famous  instructors  from  every  por- 
tion of  the  civilized  world  came  to  listen  to  his  eloquence  and  to  profit 
by  his  learning  and  didactic  skill.  Patients,  too,  came  thronging  to  him 
from  equally  long  distances.  Seitz  declares  that  he  was  at  that  time 
easily  the  first  of  living  German  surgeons.  During  his  professorate 
at  Bonn,  too,  it  was  that,  in  conjunction  with  von  Graefe,  he  began  to 
publish  (in  1820)  tlie  justly  celelu'ated  "Jounidl  fiir  Chinirgic  unci 
AugcnJuilkundc." 

In  1830  he  returned  to  Landshut,  where,  once  more,  he  taught,  and 
where,  also,  he  became  privy  councillor  and  body  physician  to  King 
Ludwig  I.  Here  he  continued  to  labor  at  his  various  activities  until 
his  death,  which  occurred  Dec.  29,  1849,  after  a  few  days'  illness  from 
abdominal  typhus. 

Von  Walther 's  chief  ophthalmologic  writings  are  as  follows:  1. 
Versuche  mit  dem  Galvanismus  an  den  Augen  eben  guillotinirter 
Menschen.  (Salzhurger  med.  Z.,  1803,  Nr.  97;  Ophth.  BibJ.  1801,  IT, 
2,  200.)  2.  McrJrivilrdigc  Ilrilinif/  dncs  Eifcr-Augcs  Ncbsf  fJcmcr- 
kungcn  ilhcr  die  Operation  dcs  Hypopyon.  (Landshut,  1805;  2d  ed., 
Landshut,  1819.)  3.  Ahhandl.  oust  dan  Gehiet  der  prakt.  Med.,  he- 
sonders  dcr  Chir.  u.  Augenkcilkunde.  (1st  vol.,  Landshut,  1810,  the 
2d  vol.  never  appeared.)      4.  Ueber  die   >Steinigen   Concretionen  der 
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Thranenfliissigkeit.  (J.  d.  Ch.  u.  A.  1820,  I,  S.  163-169.)  5.  Ueber 
die  Contagiose  Aiigen-Eiitzundung  am  Nieder-Rheiu.  {Ibid.,  Vol.  II, 
p.  36-165,  1821.)  6.  Ueber  die  Kranklieiten  des  Ciliarnerven-Systems 
im  Mensehlichen  Auge.  {Ibid.,  Ill,  1822,  p.  1-45.)  7.  Ectropium 
Anguli  Externi,  eine  neue  Augenkranklieit,  und  die  Tarsoraphie, 
eine  neue  Augen-Operation.  {Ibid.,  1826,  Vol.  IX.)  8.  Ueber  einen 
bisher  noch  nieht  Beschriebenen  Bildungsfeliler  der  Regenbogenhaut 
nebst  Bemerkungen  iiber  Angeborene  Missbildungen  Uberhaupt. 
{Ibid.,  II,  598-615.)  9.  Reisebemerkungen  aus  London,  1830.  {Ibid., 
XV.,  p.  173-290.)  10.  Ueber  Amaurose  nacli  Superciliar-Verletzun- 
gen.  {Ibid.,  1840,  Vol.  29.)  11.  Ueber  Pathol,  u.  Therapie  der  Amau- 
rose. {Ibid.,  1841,  Vol.  30.)  12.  Ueber  die  Hornhautflecke.  {Ibid., 
1845,  Vol.  34,  p.  1-90.)  13.  Lehre  von  den  Augenkrankheiten.  (2 
vols.,  1849.)— (T.  H.  S.) 

Walton,  H.  Haynes.  A  celebrated  London  surgeon,  especially  renowned 
in  diseases  of  the  eye.  Born  in  1816,  he  studied  at  St.  Bartholomew's 
Hospital,  London,  and  in  Paris.  He  became,  successively,  surgeon  at 
the  St.  Pancras  Royal  General  Dispensary,  at  the  Central  London 
Ophthalmic  Hospital,  and  in  the  ophthalmic  division  of  St.  Mary's 
Hospital.  In  the  latter  institution  he  was  also  instructor  in  anatomy, 
operative  surgery,  and  ophthalmology.  He  was  one  of  the  founders 
of  the  Central  London  Ophthalmic  Hospital,  and  labored  unremit- 
tingly in  that  excellent  institution  for  more  than  26  years.  He  became 
in  1848  a  Fellow  of  the  Royal  College  of  Surgeons;  and  died  in  1889. 
In  addition  to  works  of  a  general,  and  very  useful,  character,  Wal- 
ton wrote:  1.  A  Practical  Treatise  on  the  Diseases  of  the  Eye. 
(London,  1852,  3d  ed.,  London,  1875.)  2.  Operative  OphtJuilmic 
Surgery.  (London,  1853.)  3.  Observations  of  Ophthalmic  Surgery. 
(A  series  of  articles  in  the  Medical  Times.)  4.  Lectures  on  General 
and  Ophthalmic  Surgery.     {British  Medical  Journal.) — (T.  H.  S.) 

Wandering  cells.  Motile  corpuscles.  Those  that  are  not  fixed  within 
the  cell-space,  as  in  the  ease  of  the  wondering  cells  of  the  cornea.  See 
p.  5949,  Vol.  VIII  of  this  Encyclopedia. 

Wandering  pupil.  A  term  applied  by  Erlenmeyer  {OphtJialmic  Y ear- 
Book,  p.  164,  1912)  to  a  unique  case.  The  patient  was  a  Avoman  of 
48  years,  with  some  general  symptoms  pointing  to  hysteria,  and  a  light 
grade  of  coronary  and  aortic  sclerosis.  The  left  cornea  was  very  in- 
sensitive, and  the  left  visual  field  showed  a  concentric  narrowing  of 
about  30  degrees.  The  patient  always  had  a  distinct  consciousness  of 
the  onset  and  conclusion  of  the  pupillary  seizures,  which  lasted  from 
ten  to  twenty  seconds  and  were  sometimes  repeated  several  times  a 
day.     Vision  was  blurred  during  tlie  attacks.     The  left  eye  was  the 
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one  more  frequently  affected.  During  the  seizure  the  shape  of  the 
pupil  constantly  changed,  as  the  result  of  slow  fluctuations  in  the  posi- 
tion of  various  parts  of  the  inner  margin  of  the  pupil.  The  iDupil  Avas 
sometimes  vertically,  sometimes  obliquely  oval,  or  again  club-shaped; 
and  assumed  eccentric  positions. 

War.  Injury  to  trigeminus.  See  Trigeminal  nerve.  Uhthoff's  two 
cases 

War.  Siderosis  as  the  result  of  war  wounds.  See  end  of  section, 
Siderosis. 

War,  Ophthalmic  medicine  and  surgery  in.  This  section  is  to  be  re- 
garded as  supplementary  to  that  dealing  with  the  Military  surgery 
of  the  eye,  p.  7706,  Vol.  X  of  this  Encyclopedia,  and  should  be  read  in 
conjunction  with  or  as  introductory  to  it.  The  latter  caption  is  com- 
plete to  1917 ;  the  present  section  carries  the  subject  to  1921.  There 
are,  also,  other  rubrics  that  have  an  indirect  value  to  students  of 
military  ophthalmology,  among  which  are  such  headings  as  Trench 
nephritis;  Injuries  of  the  eye;  Shock  amblyopia;  Choked  disk;  Toxic 
amblyopia  (e.  g.  ynustard  gas)  ;  Hysteria,  etc. 

A  study  of  the  essential  features  of  military  ophthalmology  would 
have  a  value  largely  historical  and  academic  if  tlie  recent  World  War 
were  the  last  of  all  great  wars. 

The  characteristics  of  nations  are  not  suppressed  by  fiat,  however, 
and  while  the  moral  lessons  of  the  recent  war  are  plain  to  the  man  of 
faith,  it  is  altogether  likely  that  they  have  made  no  deep  or  lasting 
impression,  save,  perhaps,  among  the  few  nations  whose  aims  have 
always  been  humanitarian  rather  than  selfish,  and  among  whom  edu- 
cation has  been  priniaril.v  a  means  of  individual  betterment  of  char- 
acter, of  "soul"  and  of  personal  responsibility  under  the  law.  Among 
those  peoples  whose  educational  opi)ortunities  or  ideals  are  still  great- 
ly defective,  unchanged  racial  hatreds  and  jealousies  exist,  sometimes 
exaggerated  by  recent  bitter  memories,  and  despite  the  attempted 
guardianship  of  more  stable  nations,  it  is  conceivable  that  combina- 
tions of  these  essentially  less  civilized  states  may  again  and  again 
sweep  the  world  in  holocaustic  orgies  compared  Avitli  which  those  we 
have  been  the  late  witnesses  would  appear  to  be  elementary  and  in- 
significant. 

The  means  for  world  domination  or  destruction  by  some  such  atavis- 
tically  ambitious  nation  arc  already  at  hand  in  the  chemical,  electrical, 
exjilosive,  ai'rial,  and  linctcrial  agents  developed  at  Ihe  close  of  the 
war.  With  the  manufacture  of  enormous  quantities  of  suffocative 
and  caustic  gases,  far  more  lethal  than  the  cruel  originators  of  the 
torturesome  gas-weapon  had  ever  dreamed  of  evolving,  with  the  means 
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of  projecting  electrical  energy  and  of  controlling  it  while  so  pro- 
jected, with  quantity  production  of  Lewisite,  the  most  terrible  explo- 
sive yet  devised,  and,  finally,  with  the  development  of  fleets  of  rela- 
tively non-destructible  giant  dirigibles  buoyed  by  the  non-infiamma- 
ble  gas  helium,  the  stage  is  set  for  fresh  cataclysmic  horrors.  In  such 
an  event  the  gross  lesions  of  the  war  just  passed  will  be  duplicated, 
if  not  greatly  exaggerated,  by  the  greater  involvement  of  civilian 
populations  in  this  wholesale  destruction.  The  knowledge  already 
won,  as  to  the  essentials  of  military  wounds  and  diseases  and  their 
treatment,  is  indelible,  however,  and  the  vain  and  terrible  wa.stage 
of  man-power  from  infection,  which  characterized  tlie  initial  stages 
of  this  war,  should  never  be  repeated. 

For  the  first  time  in  war,  medicine  has  ''come  to  its  own"'  and  the 
recognition  of  its  basic  importance  in  war,  at  first  not  admitted  or 
unwillingly  so,  by  most  officers  of  the  line,  has  at  last  been  made  uni- 
versal as  the  result  of  the  magnitude  of  its  accomplishments  in  human 
salvage,  an  actual  militar^^  accomplishment  not  unequal  to  tliat  of 
any  other  arm  of  the  service. 

In  the  conquest  of  infection  and  disease,  in  the  prevention  or  ameli- 
oration of  lasting  disabilities,  and  in  the  practical  triumphs  of  the 
later  humane  reconstruction  work,  ophthalmology  has  played  a  gal- 
lant part  and  in  the  deeds  of  her  devotees  has  as  completely  vindi- 
cated the  princiijles  of  specialization  in  medicine  as  has  been  done 
in  the  sister  specialties  of  neurology,  psychiatry,  and  cerebral  sur- 
gery. In  fact,  it  nvAj  be  said  without  exaggeration  that  one  of  the 
outstanding  medical  lessons  taught  by  the  war  is  the  elementary  neces- 
sity of  the  specialties. 

For  a  study  of  tlie  fundamentals  of  military  surgical  practice  and 
of  military  ophthalmology  in  particular,  the  reader  is  referred  to  the 
author's  essay  on  Military  surgery  of  the  eye,  Vol.  X,  p.  7706  here- 
in, which  covers  succinctly  the  details  of  military  ophthalmology  as 
commonly  understood  and  practised  up  to  1917.  The  present  work, 
designed  merely  to  supplement  the  earlier  essay,  brings  the  subject 
up  to  date,  and  intentionally  omits  restatements  of  fundamentals, 
dwelling,  instead,  upon  the  important  confirmations  or  modifications 
of  the  earlier  conceptions  and  practice,  such  as  those  which  have 
taken  place  in  our  luiderstanding  of  military  iiifections  and  their 
treatment,  of  tlie  effects  of  "gassing,"  of  llie  advances  of  plastic 
surgery  of  the  visual  tracts  and  patliways,  and  finally,  of  the  sur- 
surgery  of  the  orbit  and  lids,  of  tli<'  Jiola])!i'  iiiipiovcnit'iils  of  tiu' 
])assing  imi)orlaiicc  of  the  ey(-s  to  aviation. 
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ORGANIZATION   OF   THE  OPHTHALMIC    SERVICE. 

Medical  and  surgical  specialization  -was  developed  for  the  first  time 
in  this  M-ar  and  its  benefits  have  been  so  incalculably  great  that  its 
permanence  is  assured.  It  is  clear,  however,  that  a  specialty  like 
ophthalmology,  Avhicli  serves  about  one  man  in  every  ten  on  active 
service,  whether  it  be  for  the  treatment  of  wounds  or  infections  or 
diseases  of  the  eyes,  or  for  refractive  troubles,  must  be  recruited  from 
civilian  life,  as  the  needs  for  such  specialized  skill  in  the  usual  stand- 
ing army  of  practically  normal  young  men  are  minimal. 

Early  in  the  war  it  was  found  that  the  men  who  presented  them- 
selves as  ophthalmologists  were  often  either  untrained  or  were  so 
poorly  trained  that  the  establishment  of  a  school  for  creating  prop- 
erly qualified  men  was  essential  to  the  competency  of  this  particular 
service.  Men  thus  prepared  were  placed  under  experienced  ophthal- 
mologists, the  total  number  assigned  to  foreign  service  in  the  U.  S. 
army  having  been  t^vo  hundred  and  eighty,  in  striking  contrast  to 
the  short-handedness  of  the  eye  service  of  the  English  army,  which, 
although  the  best  organized  of  the  specialties  in  that  army,  included, 
according  to  Derby  {Annals  of  OphfhaJ.,  May,  1919),  not  more  than 
thirty  men  actually  engaged  in  eye  Avorlc. 

In  the  American  Expeditionary  Forces  ophthalmologists  were  fin- 
ally stationed  in  most  of  the  front  line  hospitals  (casualty  clearing 
stations)  so  that  every  ocular  wound  should  receive  attention  at  the 
earliest  possible  moment,  the  principle  having  become  generally  recog- 
nized by  the  time  of  our  entry  into  the  Avar,  that  the  golden  oppor- 
tunity in  the  treatment  of  traumatic  corneal  ulcers,  penetrating  and 
other  wounds  of  the  eye,  as  with  all  general  wounds,  lay  between  the 
moment  of  injury  with  its  usual  contamination,  and  the  time  when 
simple  contamination  flamed  into  active  infection.  Further  it  has 
long  been  an  ophthalmic  axiom  that  the  earlier  the  removal  of  intra- 
ocular foreign  bodies  the  greater  the  chances  of  ultimate  vision,  and 
placing  of  these  skilled  men  behind  tlie  front,  backed  by  base  hos- 
pitals placed  as  far  forward  as  possible  and  having  radial  control 
through  their  specialist  chiefs,  led,  accordingly,  to  incalculable  sav- 
ing of  vision  and  of  life,  as  well  as  to  the  lessening  of  tlie  fi.nal  de- 
formities in  lliousamls  of  wounds. 

Ophthalmologists,  as  members  of  the  special  units  devoted  to  the 
surgery  of  the  head,  for  the  purpose  of  coordinating  the  work  of  the 
brain,  eye,  ear,  nose,  throat,  and  mouth  surgeons,  gave  the  most  im- 
portant aid  in  determining  the  location,  extent  and  gravity  of  eere- 
))ral  injuries  and  subsequent  abscess  formation.     Fixed  and  mobile 
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optical  units  were  also  attached  to  all  of  the  larger  armies  subserving 
the  ophthalmic  services.  Their  functioning  was  made  smoother  by 
the  early  standardization  of  spectacle  frames,  of  the  size  of  the  lenses, 
and  by  limiting  the  numl)cr  of  sphero-cylindrical  combinations. 
These  units  were  made  necessary  by  the  number  of  men  with  low 
vision,  enrolled  for  limited  service,  wliose  vision  was  brouglit  to  the 
standard  hy  glasses. 

Derby  (q.  v.),  in  describing  the  general  organization  of  the  British 
Ophthalmic  Service,  states  that  the  British  had  an  eye  center  for  each 
of  their  five  armies  and  in  the  case  of  one  army  there  were  two  cen- 
ters. These  were  usually  attached  to  a  casualty  clearing  station  and 
were  manned  by  one  ophthalmologist,  occasionally  by  more.  During 
quiet  times  he  carried  on  his  clinic  and  did  a  certain  amount  of  re- 
fraction. He  treated  eye  diseases  and  in  general  carried  on  the  eye 
Avork  for  his  part  of  the  army  area.  lie  had  a  certain  number  of 
beds  for  emergency  operations  and  for  those  cases  Avhere  a  few  days 
in  the  hospital  would  enable  a  man  to  return  to  his  unit.  In  active 
periods  he  did  his  best  to  cover  the  operative  and  consulting  Avork  of 
his  area.  But  in  times  of  stress  most  of  the  eye  cases  were  sent  down 
to  the  base  except  where  the  patient  had  other  injuries  and  could  not 
be  evacuated.  In  very  active  times  the  pressure  on  the  casualtj' 
clearing  stations  was  so  great  that  only  the  more  urgent  cases  could 
be  operated  upon.  There  were  many  hospitals  to  be  covered  in  the 
army  area,  with  the  result  that  a  large  part  of  the  eye  work  in  the 
front  area  was  done  by  the  general  surgeon.  ^Most  of  the  eye  eases 
uncomplicated  by  other  wounds,  were  therefore  quickly  sent  down 
to  the  base  hospital,  which  in  times  of  jiressure  acted  as  casualty 
clearing  stations  and  evacuated  cases  (juickly  to  England  (home 
bases). 

At  the  second  line  bases  there  were  separate  eye  operating  rooms, 
one  hundred  and  thirty-two  regular  eye  beds  which  could  be  increased 
at  the  expense  of  the  other  services  if  necessary,  and  an  out-patient 
department  which  was  exceedingly  important  and  handled  large  num- 
bers of  cases.  At  these  hospitals  there  were  usually  from  three  to 
six  men  doing  the  clinic  and  ward  work.  From  the  central  eye  hos- 
pital, the  chief  made  periodic  visits  to  the  other  base  hospitals  and  was 
on  call  throughout  the  British  Expeditionary  Forces. 

Each  primary  eye  base  had  an  optical  unit  attached  to  it  which 
supplied  the  lenses  prescribed  in  the  areas  served.  These,  in  turn, 
were  supplied  by  the  great  army  spectacle  depot  organized  in  London. 
All  told,  there  were  not  more  than  thirty  men  actually  engaged  in 
eye  work.     JNIuch  of  this  was  of  the  same  type  as  civilian  work  and 
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tlie.se  experieiu'cvs  were  sliared  in  kind  ])y  tlie  ophthalmologists  of 
every  eombatant  group. 

Allen  GreeiiAvood  in  his  authoritative  account  of  the  ophthalmic 
service  in  tlie  American  Expeditionary  Force  {Auic7:  Jour.  Ophthal., 
Aug.  1919,  p.  564)  discusses  in  detail  the  organization  and  evolution 
of  that  service  and  much  of  his  excellent  and  comprehensive  descrip- 
tion folloAvs: 

"On  numerous  occasions  during  the  past  campaign  there  was  a 
shortage  of  men  capable  of  doing  ophthalmologic  work,  due  to  sev- 
eral factors.  Ophthalmologists  were  not  attached  to  all  of  the  early 
base  hospitals  which  came  over,  and  to  none  of  the  evacuation  hos- 
pitals, but  the  need  of  them  in  the  latter  was  so  urgent  that  the  Chief 
Surgeon,  at  the  suggestion  of  the  senior  consultant,  cabled  the  request 
that  a  skilled  ophthalmic  surgeon  be  attached  to  all  future  evacua- 
tion hospitals  to  be  sent  over.  For  all  the  mobile  hospitals  that  were 
organized  in  France  and  the  early  evacuation  hospitals,  there  were 
not  enough  casual  ophthalmologists  from  home  at  first  available.  The 
need  for  a  very  considerable  number  of  ophthalmologists  in  the  ex- 
peditionary force  is,  therefore,  evident ;  and  it  is  not  probable  that 
the  supply  of  fully  capable  men  will  ever  reach  the  demand.  There- 
fore, the  available  men  must  be  placed  where  they  Avill  do  the  most 
good. 

"At  the  time  the  armistice  was  signed  there  were  places  where  at 
least  150  ophthalmologists  could  be  used  to  advantage  in  replacement 
divisions,  mobile,  evacuation,  l)ase  and  camp  hospitals. 

"1.  Divisions. — Certain  of  the  divisions  serving  at  the  front  have 
had  an  ophthalmologist  on  duty  and  have  received  the  ecpiipment 
necessary  for  refractive  work,  the  treatment  of  disease  conditions  and 
for  minor  operations.  Certain  other  divisions  have  asked  that  an 
ophthalmologist  be  assigned.  If  there  were  forty  divisions  in  France 
at  the  close  of  hostilities,  with  more  to  come  during  the  succeeding 
year,  it  is  eas}^  to  see  what  a  drain  on  the  ophthalmologic  forces  it 
would  be  to  put  a  man  in  each  division.  No  eye  surgery  should  be 
done  in  the  field  hospital.  At  the  most,  only  minor  cases,  or  mild 
gassed  eyes,  should  be  held  there ;  and  these  may  be  treated  by  the 
medical  officers  on  duty,  following  the  instructions  from  the  ophthal- 
mic division.  If,  in  an  emergency,  the  advice  of  an  eye  surgeon  is 
required,  it  is  ahvays  possible  to  obtain  one  from  the  nearest  mobile 
or  evacuation  hospital.  Eye  patients  from  the  divisions  w^ho  need 
treatment  should  be  sent  to  the  nearest  mobile,  evacuation  or  base 
hospital.  Refraction  work  for  the  division  should  be  done  in  the 
evacuation  hospital  or  a  nearby  base  hospital. 
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"An  exception  to  this  is  the  replaeemeiit  divisions.  To  each  of 
these  an  ophthalmologist  shonld  ])e  attached. 

"2.  jMoNIc  hos2)i{als.—An  ophthalmologist  shonld  be  stationed  in 
eveiy  mobile  hospital,  and  it  has  been  tlie  aim  of  the  senior  consnltant 
in  ophthalmology  to  accomplish  this. 

"At  the  time  of  the  .Argonne  campaign,  five  of  the  mobile  hospitals 
functioning  had  men  capable  of  doing  the  best  type  of  eye  surgery. 

"Mobile  hospitals  should  be  thoroughly  equipped  to  do  eye  surgery. 
They  shonld  be  provided  with  the  Army  eye  ease  of  1917,  the  aux- 
iliary eye  case,  an  electric  ophthalmoscope,  condensing  lens,  an  elec- 
tric flashlight  and  a  large  and  small  eye  magnet,  Avhich,  in  these  hos- 
pitals, can  obtain  current  from  the  roentgen-ray  circuit.  While  the 
actual  number  of  eye  cases  will  be  small,  the  availability  of  skilled  eye 
treatment  may  make  the  difference  between  sight  and  blindness. 

"In  open  warfare  the  number  of  eye  wounds  runs  from  2  to  4  per 
cent.  The  ophthalmologist  is  a  necessity  in  the  mobile  hospital,  for 
experience  has  shown  that  only  the  exceptional  general  surgeon  is 
sufficiently  conversant  Avith  e}'e  work.  The  ordinary  debridement  of 
wounds  as  practised  in  war  surgery  is  absolutely  contraindicated  in 
wounds  of  the  ocular  structures.  The  retention  of  all  possible  tissue 
in  the  neighborhood  of  the  eye  is  necessary  for  its  integrity.  Enuclea- 
tions and  eviscerations  of  the  globe  are  seldom  properly  done  by  the 
general  surgeon  and  packing  of  the  orbit  Avith  gauze,  so  commonly 
done  by  them,  is  absolutely  unnecessary  and  pernicious.  The  extrac- 
tion of  magnetic  intraocular  foreign  bodies  and  the  decision  as  to  the 
course  of  treatment  to  be  pursued  in  the  case  of  an  injured  eyeball 
are  matters  for  the  skill  of  the  specialist.  These  functions  have  been 
carried  out  by  the  men  attached  to  evacuation  and  mobile  hospitals. 

"It  is  fully  recognized  that  there  is  not  sufficient  eye  Avork  to  oc- 
cupy the  AA'hole  time  of  an  ophthalmologist  in  the  mobile  hospital  or 
even  in  the  evacuation  hospital  (except  in  peace  time,  AA-lien  there  is 
refraction  to  be  done).  He  shonld  be  and,  in  many  instances,  has 
been  placed  as  the  second  member  of  an  operating  team.  All  eye 
eases  arc  referred  to  this  team,  and  Avhen  it  is  necessary  to  perform 
an  ej'e  operation  tlie  position  of  the  members  of  the  team  is  reversed. 

"During  all  times  the  ophtlialmologi*^t  may  be  and  is  often  assigned 
to  other  duties.  It  is  a  basic  principle  that  all  eye  men  attached  to 
mobile  and  evacuation  hospitals  shall  be  prepared  to  undertake  these 
other  duties  besides  their  eye  AA'ork.  During  periods  of  stress,  hoAv- 
ever,  commanding  officers  of  hospitals  should  not  overload  their 
specialists  Avith  so  much  Avork  that  they  cannot  attend  to  their  special 
cases. 
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"^'lobile  liospitals  need  not  be  equipped  to  do  refraction. 

"3.  Evacuation  hospitals. — What  applies  to  the  mobile  hospital 
applies  also  to  the  evacuation  hospital.  This  latter  unit,  however, 
being  of  a  more  permanent  character,  should  be  equipped  to  handle 
all  varieties  of  eye  work.  In  addition  to  the  equipment  necessary  to 
the  mobile  hospital,  the  evacuation  hospital  should  have  a  trial  case 
and  necessary  charts  and  a  hand  perimeter.  Refraction  for  the  divi- 
sions should  be  carried  out  here. 

"During  periods  of  stress,  the  ophthalmologist  should  be  assigned 
as  second  man  on  a  surgical  team,  and  during  peace  times  he  should 
be  able  to  devote  the  whole  of  his  time  to  his  eye  eases. 

"Where  two  or  three  evacuation  hospitals  are  situated  in  close 
proximity,  only  one  need  be  fitted  up  to  care  for  refraction  work  and 
the  eye  men  attached  may  pool  their  outpatient  work. 

"At  the  close  of  hostilities  nearly  every  evacuation  hospital  in  the 
field  had  an  ophthalmologist  attached,  and,  with  the  exception  of  eye 
magnets,  had  a  fair,  though  hardly  sufficient,  equipment. 

"A  competent  ophthalmologist  M'as,  for  a  time,  stationed  at  the 
principal  gas  hospital ;  and  plans  were  made  to  cover  the  other  gas 
hospitals  from  the  evacuation  hospitals  in  the  neighborhood. 

"In  periods  of  stress  last  summer  and  autumn  the  ophthalmic  con- 
sultants from  the  headquarters  at  Neufchateau  served  at  evacuation 
and  mobile  hospitals,  as  the  supply  of  ophthalmologists  was  inade- 
quate. 

"4.  Base  hospitals. — Each  isolated  base  hospital  should  have  an 
ophthalmologist  attached,  and  this  has  been  the  case,  except  for  a 
brief  period  in  a  few  instances.  Each  one  should  also  have  the  com- 
plete ophthalmic  equipment  listed  for  base  hospitals. 

' '  The  isolated  base  liospitals  have  taken  care  of  all  varieties  of  eye 
cases,  except  in  some  instances  the  magnet  cases. 

"Base  Hospitals  15  and  17  and  Camp  Hospital  27  have  each  an 
optical  unit.  In  other  instances  prescriptions  for  glasses  have  been 
sent  to  the  nearest  unit,  or  to  Paris. 

"Where  the  amount  of  work  justified  it  in  isolated  base  hospitals, 
the  eye  service  Avas  separated  from  the  ear,  nose  and  throat.  Where 
the  work  was  light,  the  two  services  have  been  united. 

"5.  Base  hospital  centers. — Where  base  hospitals  are  close  to- 
gether, in  groups  of  two  or  more,  one  of  the  hospitals  should  be  selected 
as  a  center  to  receive  all  the  eye  cases  sent  to  the  group.  All  of  the 
ophthalmic  surgeons  necessary  to  such  a  central  clinic  should  be  pro- 
vided from  the  surrrounding  hospitals.  Two  or  three  ophthalmic 
surgeons  can  easily  take  care  of  all  the  ophthalmic  work  of  five  or 
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six  lios])ilals  so  that  a  iiuniber  of  liospitals  in  the  yi'oup  not'd  have  no 
ophthalmic  surgeon.  Whatever  consultation  eye  work  is  necessary 
can  be  handled  by  calling  in  one  of  the  men  from  the  central  eye 
clinic.  Where  this  plan  has  been  atlopted,  and  has  been  established 
long  enough  to  be  put  on  a  firm  working  basis,  it  has  proved  of  great 
value.  It  saves  special  equipment  and  personnel,  it  must  be  obvious 
to  anyone  that  a  single  good  sized  eye  clinic,  similar  in  design  to  the 
one  mentioned  and  appended  in  the  body  of  this  report,  would  be 
far  better,  for  instance,  in  a  group  of  ten  hospitals  than  to  have  ten 
separate  sets  of  clinical  rooms.  Each  such  center  should  have  one  of 
the  most  competent  ophthalmologists  obtainable  in  charge  of  the  work, 
and  he  can  act  as  consultant  for  the  surrounding  area. 

"Dec.  1,  1918,  the  division  of  ophthalmology  had  eighty-six  oph- 
thalmologists listed  as  serving  in  base  hospitals. 

"6.  Camp  hospitaJs. — Tlie  amount  of  eye  service  required  in  camj) 
hospitals  varies  enormously  according  to  the  fTUiction  of  the  hospitals. 
Camp  Hospital  26,  which  served  the  First  depot  division  for  several 
months,  ran  in  the  neighborhood  of  1,000  new  eye  cases  a  month,  oc- 
casionally more.  At  this  camp  hospital  the  eye,  ear,  nose  and  throat 
work  constituted  a  single  service  and  there  was  enough  work  for  three 
and  sometimes  four  men.  There  was  no  base  hospital  close  to  Camp 
Hospital  26. 

"At  some  camp  hospitals  there  Avas  practically  no  eye  work  done 
and  what  little  developed  was  transferred  to  the  nearest  base  hospital. 

"The  policy  of  the  division  was  to  join  with  the  ear,  nose  and  throat 
service  and  place  a  combined  eye,  ear,  nose  and  throat  specialist  at 
isolated  camp  hospitals.  Camp  hospitals  in  the  neighborhood  of  base 
hospitals  tiansfer  their  eye  Avork  to  the  base  hospitals. 

"Dec.  ],  1918,  this  division  had  listed  twenty-eight  men  doing  eye 
work  in  the  camp  hospitals.  Doubtless  there  were  a  number  more  as 
all  the  camp  hospitals  had  not  been  visited. 

Routing  of  Eye  Cases. 

"The  centralization  of  eye  cases  near  the  front  seems  to  be  feasible 
to  a  certain  extent  and  is  highly  desirable.  Such  an  experiment  was 
carried  out  in  the  early  part  of  the  Argonne  campaign,  with  a  cer- 
tain degree  of  success  in  spite  of  the  fact  that  the  hospital  chosen  to 
receive  these  cases  (JMobile  Hospital  6)  was  in  an  inaccessible  loca- 
tion and  a  long  distance  back  of  the  front.  As  the  line  moved  for- 
ward, it  became  practically  impossible  to  route  cases  there  on  account 
of  the  great  distance  and  its  inaccessibility. 
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"While  this  liospital  was  in  operation,  however,  a  very  considerable 
number  of  eye  injuries  Avere  treated  there.  An  attempt  Avas  made  to 
send  to  this  hospital  all  eases  with  a  head  bandage. 

"From  the  ophthalmologic  standpoint  the  establishment  of  such  a 
liosjiital  simplifies  the  work  of  the  division  of  ophthalmology  and  in- 
creases the  efftciencA"  of  the  service. 

"A  thoroughly  experienced  ophthalmologist  may  be  spared  for  such 
a  position.  Special  ecpiipment  may  be  placed  at  his  disposal.  More- 
over, such  a  hospital  is  very  useful  for  training  less  experienced  men 
in  the  handling  of  eye  conditions  seen  in  war.  Eye  cases,  therefore, 
when  possible,  should  be  routed  to  special  front  line  hosi^itals. 

"When  eye  cases  are  routed  through  to  the  base  hospitals  they 
should  bear  some  distinguishing  mark  in  order  that  they  may  reach 
the  eye  center  in  the  area  to  which  they  are  to  go.  To  accomplish 
this  purpose  ordinary  baggage  tags,  with  a  large  EYE  printed  on 
them,  w^ere  supplied  to  the  front  line  hospitals  and  ophthalmologists 
were  instructed  to  tag  their  cases  before  evacuating  them.  This  sys- 
tem gave  promise  of  being  of  considerable  help  in  properly  distrib- 
uting cases. 

Central  Eye  Hospital. 

"After  the  organization  of  the  ophthalmologic  service  a  pressing 
need  was  felt  for  a  base  hospital  that  Avoidd  have  a  large  number  of 
beds  available  for  eye  cases,  where  special  equipment  would  be  in- 
stalled and  which  would  be  manned  by  a  staff  of  experienced  oph- 
thalmologists. 

"Base  Hospital  115,  equipped  especially  for  head  cases,  ear,  nose 
and  throat,  facio-maxillary  and  eye  cases,  was  designated  as  this 
special  hospital. 

"A  beginning  had  been  made  in  routing  to  this  hospital  eye  cases 
needing  special  observation  and  study  and  cases  requiring  extensive 
plastic  reconstruction  work.  At  this  hospital  were  artists  capable  of 
making  colored  plates  of  especiall.y  interesting  cases  and  a  specially 
trained  pathologist  was  also  to  be  available.  It  was  planned  to  send 
all  eye  pathologic  specimens  to  this  hospital  for  stud}^  and  record. 

Teaching  and  Observation. 

"It  has  been  fully  realized  that  war  ophthalmology  presents  cer- 
tain special  features,  a  knowledge  of  which  is  of  great  importance  for 
the  eye  specialist  if  our  woinided  men  are  to  receive  the  treatment 
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which  they  deserve.  Both  the  senior  consultant  and  the  assistant 
consultant  had  had  a  considerable  period  of  service  with  the  B.  E. 
F.  before  serving  with  the  A.  E.  F.,  and  since  then  have  had  oppor- 
tunities to  see  some  of  the  Avork  done  by  the  French.  The  exigencies 
of  tlie  situation  in  France  made  it  impossible  to  give  many  ophthal- 
mologists opportunities  for  observation  during  the  active  period. 
Three  men  were  sent  for  a  period  of  time  to  observe  in  the  principal 
British  eye  clinic,  in  France,  and  several  more  had  an  opportunity 
to  see  French  Avork  in  various  Paris  hospitals.  The  others  were  in- 
structed, as  far  as  possible,  by  personal  visits  ]\y  the  consultants  and 
by  means  of  circulars. 

"Two  other  men  had  an  opportunity  to  see  some  of  the  British 
and  French  work  before  the  senior  consultant  was  appointed. 

"All  of  these  men  occupied  important  positions  and  their  oppor- 
tunities for  observation  in  allied  clinics  were  of  considerable  advan- 
tage to  them. 

"Base  Hospital  115  was  also  to  have  served  as  the  eye  teaching 
center  for  the  A.  E.  F.,  where  men  could  be  sent  for  instruction,  es- 
pecially during  the  less  active  winter  months.  It  was  also  intended 
that  the  men  sent  there  for  instruction  should  be  classified  as  to  their 
qualifications  as  ophthalmic  surgeons.  This  was  done  to  a  certain 
extent  with  casuals  assigned  to  this  hospital. 

Suggestions  for  Improving  E^'e  Service. 

"1.  liefraction. — A  great  deal  of  unnecessary  refraction  work 
overseas  could  be  avoided  if  a  more  careful  ocular  examination  were 
made  at  home,  a  more  careful  record  made  of  vision  and  refraction, 
and  if  a  permanent  record  were  to  accompany  the  soldier. 

"The  question  of  a  permanent  vision  and  refraction  record  was 
taken  up  by  this  office  very  early  and  a  gummed  record  slip,  similar 
to  that  used  by  the  B.  E.  F.,  was  printed  and  furnished  Avith  each 
pair  of  glasses. 

"The  best  way  to  preserve  this  record  is  to  paste  it  inside  the  cover 
of  the  pay  book  in  the  ease  of  enlisted  personnel,  while  Avith  the  of- 
ficers and  others,  it  may  be  pasted  inside  the  glasses  case,  or  better, 
carried  with  the  personal  papers. 

"If  this  slip  be  fully  made  out  a  permanent  record  is  preserved, 
and  replacement  glasses  may  be  ordered  Avithout  further  examination. 

"2.  Equipment. —  (1)  Army  eye  instrument  case.  Certain  changes 
can  be  made  in  the  army  eye  instrument  case,  Avhich  Avould  add  to 
its  usefulness : 
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''a.  When  the  present  supply  is  exhausted  it  would  be  wise  to 
combine  all  necessary  instruments  in  one  case.  Until  that  can  be  done 
clianges  in  the  contents  of  the  1917  case  should  bo  made,  to  make 
it  more  independent  of  the  auxiliary  case. 

"b.  The  eye  speculum  now  in  the  1917  case  might  be  replaced  by 
a  nonmagnetic  one  of  a  different  type. 

"e.     Nonmagnetic  forceps  should  be  provided. 

"d.  A  pair  of  more  suitable  enucleation  scissors  should  be  pro- 
vided. 

"  (2)  Auxiliary  eye  case.  Certain  changes  should  also  be  made  in 
the  auxiliary  eye  case,  which  would  add  to  its  usefulness : 

' '  a.  The  present  cautery  set  should  be  done  away  with ;  and  a  Todd 
cautery,  or  other  cautery  of  that  type,  should  be  substituted, 

"b.  A  IMeller's  speculum  for  excision  of  the  lacrimal  sac  should 
be  added. 

"c.  In  an  Army  eye  case  a  small  supply  of  necessary  special  drugs 
in  tabloid  form  should  be  placed.  These  should  include  atropin,  homa- 
tropin,  eserin,  cocain  and  fluorescein.  These  would  take  up  very  little 
space. 

"(3)  Chest  of  eye  equipment  for  base  hospitals.  It  might  be  de- 
sirable to  have  standard  chests  eapal)le  of  holding  complete  eye  equip- 
ment for  a  base  hospital.  Such  a  chest  should  contain  the  following 
list : 

"Army  eye  case,  1917 — ^v■itll  changes  as  noted. 

"Auxiliary  eye  case — Avith  changes  as  noted:  1  flash  light;  2  De 
Zeng  electric  ophthalmoscopes;  1  hand  perimeter,  with  6  dozen  charts; 
1 'standard  perimeter  (for  base  hospitals  only);  1  Zeiss,  or  Bausch 
and  Lomb,  binocular  corneal  loupe;  2  irrigators  (New  York  Eye  and 
Ear  Infirmary  type)  ;  12  soft  rubber  ear  syringes;  36  glass  spheres 
(18,  20  and  22  mm.),  12  each;  1  set  Jennings  color  vision  test;  1  in- 
strument rack ;  1  complete  set  o£  test  charts  for  distant  and  near 
vision;  4  difl^erent  arrangements  of  letters;  1  illiterate  chart;  1  re- 
versed type  chart ;  1  chart  lieginning  with  a  20/100  letter ;  3  frosted 
bulbs  for  retinoscopy  and  oiDhthalmoscopy ;  1  extensible  wall  bracket 
for  ophthalmoscope  light;  12  prescription  pads  Math  carbon  copy;  1 
complete  set  of  directions  for  vision  testing  and  record  keeping  should 
be  in  every  instrument  case  and  trial  lens  set ;  1  copy  of  Manual  3 
and  one  copy  of  Manual  of  Ophthalmology  (Surgeon  General's  Office)  ; 
2  eye  magnets,  one  large  and  one  small  (Lancaster  type),  with  electric 
foot  switch  and  necessary  connections  should  be  furnished,  but  packed 
in  separate  box,  on  account  of  their  weight. 

"3.     Person nel. — All  ophthalmologists  should  be  tried  out  and  care- 
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fully  graded  in  the  United  States  before  being  sent  on  foreign  duty ; 
and  their  records  should  be  sent  over  witli  them,  or  in  advance  of 
them." 

The  French,  Italians,  and  Germans  have  gone  much  beyond  us  in 
specializing  their  surgery,  and  their  results  are  so  admirably  efficient 
that  they  further  justify  to  the  full  the  endeavor  now  being  made  in 
America  to  demand  higher  specialistic  ability.  The  eye  sections  of  the 
German  field  hospitals  were  exceptionally  equipped  from  the  start, 
carrying  both  Ilaab  and  Snell  magnets,  a  perimeter,  an  X-ray  appa- 
ratus for  stereoscopic  radiography,  and  a  complete  outfit  of  surgical 
and  illumination  instruments.  In  common  with  the  developed  service 
of  the  other  combatants,  consultation  with  general  surgeons,  internists, 
otologists,  rhinologists,  and  dentists  was  olitainable  at  all  times,  an 
idealization  of  "group  medicine"  which  will  luidoubtedly  become 
increasingly  popular  in  civilian  practice  throughout  the  world  in  time. 
The  amazing  complexity  of  many  of  the  military  wounds  makes  hand 
in  hand  work  witli  other  surgical  specialists  a  constant  necessity. 

In  the  stressful  periods  of  heavy  fighting  it  is  not  unusual  that 
considerable  overlapping  of  the  surgical  specialties  occurs,  and  not 
seldom  eye  work  has  been  attempted  by  general  surgeons,  often  to  the 
serious  detriment  of  the  wounded  men,  mainly  through  the  mistaken 
application  to  tlie  eye  and  its  adnexa  of  the  general  surgical  principle 
of  "debridement,"  or  gross  excision  of  tissue  whicli  is  presumably 
dead  or  contaminated,  in  and  about  the  track  of  a  projectile.  Derby 
speaks  of  such  cases  wliere  complete  "debridement''  of  tlie  eyelids  had 
been  performed,  with  horrible  resulting  deformities  and  confirms  the 
observations  of  exi)erienced  ophthalmologists  in  all  the  armies  who 
have  witnessed  scores  of  cases  where  fragments  of  shattered  eye1)alls 
of  all  sizes  had  been  left  untouched  and  buried  under  the  conjunctival 
overgrowth  to  the  active  danger  of  the  fellow  eye,  and  who  with 
almost  equal  frequency  have  seen  needlessly  coarse  enucleations  which 
were  more  nearh'  exenterations  of  the  orbit,  and  in  wliich  marked 
sinking  in  of  tlie  upper  lid,  conjunctival  bands,  and  more  or  less 
marked  symblephai'oii  made  secondary  plastic  work  and  iinplaiitations 
necessary. 

WAi;  worxns  axd  infkctioxs. 

During  the  first  two  years  of  the  war  infection  so  nearly  over- 
whelmed the  medical  service  as  to  partake  of  the  nature  of  a  surgical 
disaster.  Virulent  gas,  tetanic  and  pus  infections  were  common,  with 
a.  high  morlality.     Where  it  was  itiipossililc  to  gvt  the  i>aticn1   lo  tlie 
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siirg-eoii  within  ten  or  twelve  hours  practically  every  wound  in  certain 
battle  districts  such  as  Flanders,  was  infected.  The  incidence  of  gas 
infection  was  appalling  and  the  death  rate  was  over  fifty  per  cent,  in 
these  cases,  among  which  are  included  the  cases  of  local  gaseous 
infection,  which,  if  taken  early  are  not  really  dangerous.  The  treat- 
ment of  fractures  w^as  disastrous,  usually  being  followed  by  amputa- 
tion or  death  or  both.  Carrel  {3IU.  Surgeon,  Apr.  1917,  pp.  479-485) 
states  that  out  of  one  hundred  amputations  done  at  this  period  seventy 
to  eighty  were  performed  on  account  of  infection.  At  this  time  almost 
every  battle  casualty  which  reached  a  base  hospital  had  been  wounded 
several  hours  or  da3's  previously  and  was  of  the  graver  tj'pe,  the 
soldiers  lying  with  sunken  eyes,  their  cheeks  bearing  the  hectic  flush 
of  sepsis  and  their  prostration  intense.  Before  their  injury  many  of 
these  men  had  been  more  or  less  starved,  jDartly  dehydrated  by  pro- 
longed deprivation  of  water,  and,  owing  mainly  to  difficulties  of  trans- 
port, often  had  been  chilled  and  mentally  prostrated  by  lying  out  in 
the  cold  and  wet  in  shell  holes,  exposed  to  intense  shell  fire  and  in- 
capable of  moving  or  of  l)eing  inoved  until  a  favorable  opportunity 
arose. 

With  the  creation  of  advajiced  line  surgical  stations  in  which  the 
shocked  were  restored,  hemorrhage  checked  and  transfusion  and  im- 
perative surgery  done,  with  rapid  transportation  of  the  wounded  an 
accomi)lished  fact,  in  spite  of  Sisyphean  ditficulties,  and  with  the 
successful  evolution  of  methods  of  primary  and  secondary  steriliza- 
tion of  wounds,  based  upon  thoi'ough  studies  of  the  flora  of  wounds 
and  the  time  needed  to  convert  bacterial  contamination  into  an  active 
infection,  the  picture  presented  by  the  wounded  changed  to  one  of 
cheer  and  of  early  recovery. 

The  most  valuable  lessons  taught  b.v  front-line  treatment  are,  1. 
That  fatigue,  climate,  want  of  cleanliness,  shock  and  hemorrhage,  and 
especially  the  last  two,  ])redispose  to  wound  infection;  2.  That  the 
value  of  the  immediate  surgical  treatment  of  eye  injuries,  of  tissue 
defects  in  their  initial  stages,  of  brain  injuries,  of  abdominal  and  pul- 
monary, nervous  and  vascular  wounds,  of  the  great  fleshy  wounds,  es- 
pecially where  complicating  compound  fractures  as  in  the  thigh  and 
arms,  and  finally,  and  by  no  means  least,  of  the  immediate  treatment 
of  war  neuroses,  has  been  finally  and  fully  proven  and  can  no  longer 
be  considered  controversial;  ?>.  Skin  deep  disinfectants  and  first-aid 
dressings  are  impotent  to  niitigale  in  any  way  the  infection  forced 
into  the  wound  by  the  i)rojectilc. 

In  general  every  war  wound  must  be  considered  as  potentially  in- 
fected.   Bullet  wounds  made  at  short  range  may  remain  sterile  if  they 
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are  not  compound  fractures,  but  a  bullet  wound  made  from  a  long 
range  will  be  almost  as  badly  torn  as  a  wound  made  by  a  shell  frag- 
ment. Most  of  the  wounds,  however,  are  made  by  pieces  of  exploded 
shell,  which  vary  in  size  from  several  scjuare  inches  to  particles  as 
small  as  a  pin-head,  all  of  which,  because  of  their  ragged  nature,  wher- 
ever they  strike  a  part  covered  l)y  clothing,  take  shreds  of  it  into  the 
wound.  These  shreds  of  clothing  are  the  source  of  most  prolific  bac- 
terial growth,  while  the  tissue  torn  from  its  blood  supply,  and  necros- 
ing, furnishes  the  best  of  media.  The  hodi/  of  a  trench  diveUer  is 
inhabited  hy  a  varied  and  cxiensivr  hacterial  flora  so  that  unless  the 
u'ound  is  dressed  in  less  than  six  hours  it  will  he  infected  from  the 
skin.  Wounds  of  the  face  are  infected  as  easihj  as  those  of  the  hodij 
hut  because  this  tissue  is  highly  vascular  and  these  wouneh  are  sltal- 
lower  and  drain  easily  their  infection  is  not  usually  of  such  desperate 
character.  Lawrence  {Military  Surgeon,  Feb.,  18),  in  a  study  of  the 
aerobic  bacteria,  found  in  wounds  received  on  the  battle  field  of  the 
Somme,  that  the  time  of  the  year,  to  a  certain  degree,  determines  the 
type  of  the  infection,  the  pneumococcus,  micrococcus  catarrhalis  and 
diphtheroid  organisms  appearing  more  often  in  wounds  during  winter 
than  summer.  The  location  of  the  battle  field  is  also  to  be  considered. 
In  the  lowlands  of  France  the  tetanus  bacillus  and  the  bacillus  Welchii 
are  almost  universally  present  in  the  manurial  earth.  On  the  moun- 
tains there  are  no  cases  of  gas  infection,  while  in  the  adjacent  Alpiue 
valleys  the  surgeons  of  the  Italian  armies  found  it  quite  common. 

The  great  mass  of  infecting  organisms  are  micrococci  and  bacilli  of 
the  colon-proteus  group.  In  more  than  80  per  cent,  of  the  wounds 
studied  culturall.y  on  the  Somme  streptococci  were  found  and  these 
flourished  in  the  deeply  pocketed  wounds,  but  in  the  shallow  wounds 
or  in  the  deep  wounds  made  shallow  by  wide  opening  they  were  re- 
placed by  staphylococci  in  the  course  of  healing.  After  the  intro- 
duction of  the  Carrel  procedure  smears  made  from  each  wound  every 
third  day  for  the  purpose  of  counting  the  organisms  show  that  micro- 
cocci in  the  form  of  streptococci,  staphylococci  and  diploeocci  are 
always  present  in  abundance  in  contaminated  wounds.  Bacilli,  usually 
of  the  typhoid-colon  size  and  Gram-negative,  were  present  in  ninety- 
five  per  cent,  of  the  Somme  wounds  and  bacillus  coli  found  in  more 
than  fifty  per  cent,  of  these  wounds.  The  streptococci  and  Gram- 
negative  bacilli  disappear  undei-  irrigation  in  a  sliorter  or  longer  time 
depending  upon  the  accessibility  of  all  tin'  pockets  to  irrigation.  If 
the  wound  is  impcrfcctlN'  irrigated,  the  persistence  of  aei'o])es  in  llie 
exudate  indicates  an  unirrigaled  discharging  sinus  oi-  a  hidden  foreign 
bodv  and  coiitraindicates  closure  of  the  wound,  while  when  the  bae- 
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terial  contamination  has  beeome  reduced  to  a  very  occasional  Gram- 
positive  coccus  or  diplococcus,  their  presence  is  ignored  by  the  plastic 
surgeon  and  the  wounds  are  treated  and  considered  as  bacteriolog- 
ically  sterile. 

Two  great  surgical  innovations  were  successfully  developed  to  com- 
bat infection:  Debridement  (first  proposed,  according  to  Bottom- 
ley,  by  Col.  Gale  of  the  British  Expeditionary-  Force  and  popularized 
by  Lemaitre)  by  the  excision  of  all  devitalized  tissue,  all  foreign  ma- 
terial and  all  denuded  bone,  permits  tiie  successful  ' '  primary  closure ' ' 
of  contaminated  wounds.  Its  application  to  wounds  of  the  face  i 
however,  indicated  only  in  the  presence  of  a  developing  infection  and 
its  unwise  jDractice  here  as  a  routine  measure  on  these  shallow  and 
relatively  highly  vascular  tissues  has  led,  in  the  hands  of  general 
surgeons,  to  irretrievable  tissue  defect  and  hideous  scarring.  The 
necessity  of  saving  every  possible  fragment  of  tissue  in  wounds  of  the 
eyes  and  orbits  cannot  be  too  strongly  emphasized.  The  free  blood 
supply  and  the  shallowness  of  the  tissues  of  the  lids  and  orbits  and 
their  immediate  surroundings,  and  the  fact  that  facial  wounds  are 
generally  so  superficial  and  broad  that  their  depths  are  easily  accessible 
to  irrigation,  explains  lioth  the  comi)arative  freedom  of  this  part  of 
the  body  from  tetanus  and  gas  infections  as  well  as  the  happy  results 
of  treatment  more  conservative  than  debridement.  The  practice  of 
this  method  in  wounds  of  tlie  skull,  however,  as  well  as  in  the  flesh}' 
parts  of  the  body  has  been  an  immense  factor  in  the  later  prevention 
of  serious  infection. 

The  Carrel-Dakin  metliod,  wliicii  has  come  to  be  the  method  of  elec- 
tion in  the  treatment  of  war  wounds,  although  its  exact  place  in  civil 
surgery  is  still  difficult  to  define,  has  as  its  foundation  the  recogni- 
tion that  little  or  no  bacterial  growth  occurs  in  projectile  wounds  dur- 
ing the  first  four  to  six  hours  following  injury.  Such  growth  as  does 
occur  comes  mainly  from  implantation  of  organisms  with  the  pro- 
jectile or  secondary  missiles  and  where  these  wounds  can  be  effectually 
opened  and  cleansed  of  foreign  material  and  devitalized  tissue  before 
l)acterial  growth  extends  to  and  into  the  surrounding  tissue,  infection 
does  not  occur  or  is  of  a  negligible  type.  Where  prompt  surgical 
attention  has  been  impossible  jiiid  inrection  lias  spread  throughout 
the  wound  and  its  remote  pockets,  this  ti'eatment  further  recognizes 
.  that  each  jjocket  must  be  freely  opened,  all  foreign  bodies  remove(^ 
and  small  rubber  tubes  inserted  into  every  recess.  By  this  means  • 
0.5  per  cent,  solution  of  sodium  hypochlorite  without  alkali  is  brought 
into  contact  with  every  part  of  the  wound  by  two-hourly  flushings 
which   are   continued   until    all   microlK's   have   disa[)peared   from   tlie 
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wound.  This  requires  about  forty-eight  hours  for  a  surface  wound 
and  six  to  ten  days  for  other  wounds.  Bacteriologic  examinations  are 
made  every  two  to  three  days,  as  the  clinical  appearance  is  no  criterion 
of  the  degree  of  sterilization.  When  both  clinical  and  bacterial  ex- 
aminations show  a  sterile  wound  the  edges  are  brought  together  by 
adhesive  plaster  or  stitches  and  union  takes  place  in  a  few  days.  As  a 
result,  although  ninety  per  cent,  of  the  wounds  are  still  shown  to  be 
contaminated  and  almost  every  wound  suppurates,  the  infection  is  less 
dangerous  and  the  death  rate  decreased  in  great  measure. 

Carrel  states  that  if  new  and  better  methods  of  treatment  are  used 
in  conjunction  with  rapid  transportation  of  the  wounded  and  good 
organization  and  equipment  of  the  hospitals,  important  progress  can 
be  made.  By  using  the  proper  technic,  wound  infection  can  be  almost 
entirely  controlled  and  pus  can  be  eliminated  completely  from  the 
hospitals. 

Depage,  in  whose  hands  this  standard  technic  has  reached  the  highest 
development  gives  the  details  surrounding  its  application  {Jour.  A.  M. 
A.,  July  19,  1919)  which  are  sufficiently  important  to  reproduce  here: 
''On  admission  of  the  patient,  the  injured  region  is  shaved,  and  then 
washed  M'ith  a  neutral  solution  of  sodium  oleate.  Debridement  and 
epluchage  of  the  wound  are  practiced  immediately  thereafter.  At  the 
same  time  the  Carrel  tubes  are  introduced  to  the  bottom  of  the  wound 
so  as  to  permit  the  irrigation  of  the  entire  wound  surface.  To  the  en- 
tire surroundings  of  the  wound  are  applied  compresses  smeared  with 
petrolatum  in  order  to  prevent  irritation  of  the  skin.  The  wound  is 
dressed  with  compresses  of  absorbent  material.  After  the  return  of 
the  patient  to  bed,  the  Carrol  tubes  are  connected  with  the  receptacle 
containing  the  surgical  solution  of  chlorinated  soda,  and  irrigation 
is  carried  on  every  two  hours,  controlled  by  a  simple  pressure  forceps 
of  Mohr.  The  dressings  are  renewed  every  day,  careful  lavage  of  the 
wound  being  made  with  sodium  oleate.  One  must  not  allow  the 
slightest  concretion  to  remain  on  the  skin  about  the  wound  lest  colonies 
of  microbes  be  hidden.  AYe  were  not  able,  however,  to  derive  from 
the  Carrel  method  all  its  benefits  until  we  made  a  regular  determina- 
tion of  the  abundance  of  the  micro-organisms  in  the  wound  exudates. 
This  bacteriologic  control  was  repeated  in  the  same  wound  every  tw 
days,  and  tracings  were  made  of  the  microbic  strength.  Infected 
wounds  were  rendered  sterile  by  the  Carrel  treatment  in  from  six  to 
eight  days.  Bacteriologic  evolutions  in  a  wound  may  be  considered 
under  the  three  periods  of  acute  infection,  attenuated  infection  and 
sterilization.  These  periods  correspond  to  three  periods  in  the  or- 
ganic reaction  of  tissues.     In  deciding  the  moment  of  suture  we  have 
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recognized  that:  (1)  wounds  slightly  infected  by  ordinary  microbes 
may  be  sutured  with  ever^^  chance  of  success;  (2)  the  presence  of 
staphylococci  does  not  contraindicate  suture;  (3)  the  perfringens  or- 
ganism remains  enclosed  in  the  wounds  only  a  very  short  time,  but 
until  these  microbes  disappear  it  is  dangerous  to  suture;  (4)  a  wound 
should  not  be  sutured  in  the  presence  of  even  a  slight  streptococci  in- 
fection. 

"To  determine  better  the  moment  most  favorable  for  suture,  we  have 
supplemented  the  counting  of  the  microbes  on  the  smears  subjected  to 
bacteriologic  examination  by  cultures  instituted  regularly  after 
debridement  and  before  the  suture,  and  conclude  that :  (a)  For  wounds 
feebly  infected  from  the  first  day  with  ordinary  microbes  we  may 
proceed  to  suture  when  at  the  second  examination  the  smear  yields 
<  only  one  microbe  in  a  visual  field,  (b)  For  wounds  strongly  infected 
by  ordinary  microbes,  Ave  may  resort  to  suture  from  the  moment  the 
curve  comes  down  to  one  microbe  in  four  fields,  (c)  For  streptococci 
infection  we  should  never  suture,  but  su])mit  the  wound  to  adequate 
treatment,  preferably  that  of  Carrel,  and  wait  until  the  streptococci 
have  disappeared,  or  become  sufficiently  attenuated  to  permit  primary 
union.  Streptococci  vaccination  may  here  render  the  greatest  service. 
Immediate  primarj^  suture  may  be  made  immediately  after  debride- 
ment or  from  two  to  four  days  after  debridement.  Delayed  primary 
suture  or  early  secondary  suture  is  done  without  refreshing  wound 
surfaces,  by  simply  approximating  them.  The  suture  may  be  made  in 
the  course  of  the  granulation  of  the  wound  when  sterilization  is  as- 
sured. Secondary  suture  always  iiecessitates  the  refreshing  of  the 
wound  surfaces.  The  objective  toward  wliich  we  direct  the  surgical 
treatment  of  open  fractures,  apart  from  the  orthopedic  treatment,  is 
the  transformation  of  an  open  fracture  into  a  closed  fracture.  In 
joint  wounds  our  results  show  the  sujoeriority  of  immediate  suture 
after  wide  arthrotomy,  closing  of  the  joint  cavity,  over  an}'  other 
method  of  treatment.  In  wounds  of  the  elbow  and  shoulder,  however, 
tlie  Carrel  treatment  followed  by  secondary"  suture  or  l)y  cicatrization 
l\v  second  intention  is  evidently  indicated." 

As  to  wliether  debridement  or  the  Carrel-Dakin  technic  should  be 
applied  to  a  given  case,  the  end  results  avouIcI  seem  to  be  identical, 
provided  that  tlie  wound  is  mechanically  cleaned.  But  in  view  of  the 
inevitable  great  difi'erenccs  in  skill  and  in  the  thoroughness  of  me- 
chanical cleansing  of  wounds  shown  by  military  surgeons  in  general, 
it  would  appear  safer  to  have  a  standard  technic,  with  open  treat- 
ment by  the  Carrel  method  and  witli  secondary  suture  done  under 
bacteriological  control. 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN   l:J707 

Of  the  characteristic  iorins  of  unusual  infections  which  have  in- 
volved the  eyes,  the  most  virulent  and  dramatic  have  been  1.  Gas 
bacillus  infection,  and  2.  Tetanus,  while  3.  Metastatic  or  endogenous 
infection  from  suppurative  processes  elsewhere  in  the  bod}'  has  been 
rare ;  4.  Exogenous  infection  due  to  ])erforating  injuries  formed  the 
bulk  of  oculo-orbital  infections. 

Gas  Bacillus  Infection. 

Gas  bacillus  infection  has  been  compared  to  typhoid  fever  in  former 
wars  in  the  extent  of  its  devastations.  It  is  known  to  exist  on  every 
battlefield  but  more  particularly  on  those  which  have  repeatedly  been 
fought  over  and  where  the  successive  enrichments  of  the  soil  in  trench 
warfare  have  so  increased  the  virulence  and  infectivity  of  its  manurial 
bacterial  flora  as  to  give  the  disease  at  times  almost  the  character  of 
an  epidemic. 

As  the  likelihood  of  infection  varies  directly  with  the  amount  of 
extraneous  material  which  may  be  carried  into  a  vround,  it  is  clear 
that  shell-fragment  wounds  are  most  often  the  seat  of  this  form  of 
infection,  shrapnel  wounds  next  and  bullet  wounds  the  least.  Gas 
gangrene  is  most  common  in  the  fleshy  parts  of  the  body,  affecting  the 
buttock,  thigh,  leg,  trunk,  shoulder,  arm,  forearm  and  neck  in  about 
that  order  and  being  seldom  seen  in  hand  and  facial  wounds.  The 
rich  l)lood  sapply  of  the  face  and  orbit,  the  fact  that  dirty  clothing 
is  not  carried  into  the  wounds,  the  shallowness  and  breadth  of  facial 
wounds  and  their  accessibility  to  free  irrigation  and  effective  treat- 
ment are  undoubtedly  the  main  protective  factors  of  this  region, 
wounds  of  which,  if  not  opening  into  the  nasal  cavities,  may  accord- 
ingly be  closed,  with  drainage. 

"Gas  bacillus  infection  can,  of  course,  occur  in  any  wound;  but  it  is 
almost  invariably  in  severe  wounds  that  it  does  occur,  and  particularly 
in  those  of  the  lower  extremity,  associated  with  fracture,  vascular 
injury  and  muscle  danuigc.  Such  a  wouiul  is  always  far  larger  l)e- 
neath  than  in  the  skin,  and  of  surprising  irregularity.  Its  depths  hide 
one  or  more  rough  missiles  and  bits  of  clothing  or  equipment.  Its 
crevices  are  filled  with  blood  clots,  large  and  siimll.  and  it  is  walled 
by  rausc'e,  fascia  and  aponeurosis,  shockingly  torn,  contused  and 
loaded  M-ith  indriven  fragments  of  conuninuted  bone  and  with  extra- 
vasated  blood. 

"The  regional  blood  supply  is  locally  or  massively  interfered  with 
by  pressure  obliteration,  or  by  tearing  of  the  vessels  with  throml)osis. 

"Even  if  it  is  sterile,  such  a  wound  presents  many  dangers  and 
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difficulties.  But  added  to  devitalized  tissue  and  blood  clot  we  have  in- 
fection, usually  with  a  varied  flora,  particularly  the  gasogenic,  sap- 
rophytic anerobes.  No  matter  what  variety  of  anerobic  saprophytic 
it  may  be,  here  we  have  all  the  conditions  necessary  for  its  rapid  and 
successful  growth :  warmth,  moisture,  darkness,  abundance  of  suitable 
nourishment  and  a  minimum  of  oxygen  admissible  from  air  or  blood 
suppl.y."  As  Van  Beuren  (/.  A.  M.  A.,  July  26,  1919,  p.  239)  further 
remarks,  "It  is  no  wonder  that  the  gas  infection  runs  up  within  a 
damaged  muscle  sheath  like  the  flame  up  a  flue,  and  follows  the  vessel 
sheaths  and  blood-filled  intermuscular  spaces  as  a  river  follows  its 
banks. ' ' 

The  i)athogencsis  of  gas  gangrene  is  exceedingly  complex  as  it  is 
caused  by  a  great  variety  of  organisms,  according  to  Weinberg  and 
Seguin  {La  Gangrene'  gazeiise,  Bacteriologie,  Reproduction  experi- 
mentale,  Serotherapie,  Paris,  1918)  some  of  which  play  a  more  domi- 
nant part  than  others,  forcing  a  classification  into  principal  and  acces- 
sory germs.  They  consider  that  the  following  anerobic  germs  cause 
gaseous  infections:  B.  perfringes  (Welchii),  B.  edematiens,  Vib.  sep- 
tique,  B,  fallax,  B.  aerofoetidus,  B.  sporogenes  and  possibly  two  aerobes, 
B.  coli  and  B.  proteus,  and  that  a  gaseous  infection  is  more  often  the 
result  of  a  combination  of  principal  and  accessory  germs. 

There  are  cases  where  the  emphysematous  prevails  over  the  edema- 
tous lesions,  produced  by  virulent  germs  which  are  great  gas  pro- 
ducers and  which  give  rise  to  the  classical  emphysematous  forms ;  cases 
in  which  edemata  prevail  and  gaseous  infiltrations  are  slight  or  even 
absent ;  these  are  caused  by  toxic  anerobes  and  constitute  the  toxic  or 
edematous  forms ;  and  where  gaseous  and  edematous  signs  exist  to- 
gether several  forms  of  anerobes  coexist. 

Not  less  than  40  different  types  of  anerobes  have  been  recognized 
by  Weinberg  and  Seguin. 

The  signs  which  indicate  a  beginning  gas  infection  are  a  dirty, 
sloughing  appearance  of  the  wound,  from  which  a  dirty  serous  exudate 
escapes,  together  with  occasional  bubbles  of  gas.  Crepitation  is  felt 
under  the  skin  and  the  discharge  has  a  fecal-like  odor;  the  adjacent 
tissues  are  reddened  as  in  cellulitis  and  are  edematous  and  tender. 
The  toxemia  is  out  of  all  proportion  to  the  apparent  severity  of  the 
wound.  The  skin  is  cold,  pale  and  clammy ;  the  pulse  weak  and  rapid, 
the  temperature  rises  steadily  and  death  supervenes.  In  local  gas 
edema  the  infection  starts  about  the  infecting  object  as  a  rule,  progres- 
sive phlegmon,  death  of  tissue  and  toxemia  following  each  other 
.slowly  or  rapidly  in  hours  or  days  and  making  wide  opening  of  the 
wounds  imperative  at  the  appearance  of  the  first  signs.     Devitalized 
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and  necrotic  tissue  should  be  excised  as  tlioroughl}-  and  freely  as  can 
possibly  be  done,  until  a  tissue  base  is  reached  Avhieh  is  of  normal 
color  and  bleeds  freely.  The  greatest  pains  must  be  taken  to  remove 
all  loose  bone,  foreign  bodies  and  blood  clot.  As  much  skin  may  be  left 
in  the  debridement  as  one  dares.  The  Carrel-Dakin  solution,  used  with 
precise  technic,  is  very  generally  agreed  upon  as  the  best  post-opera- 
tive treatment,  combined  with  the  use  either  of  a  polyvalent  or  pooled 
serum  of  the  three  common  infecting  agents,  B.  perfringens  (Welchii), 
Yibrion  septique,  and  B.  edematiens,  or,  where  early  baeteriologic 
examination  has  identified  the  infecting  agent,  a  specific  antiserum  is 
preferably  used  in  the  form  of  intravenous  injection  combined  with 
deep  muscular  injection  in  the  vicinity  of  the  wound.  In  regions 
where  gas  edema  and  gangrene  occurs  with  unusual  frequency,  pre- 
ventive injections  of  from  20  to  100  cc.  of  pooled  serum  are  given  as 
early  as  possible  after  the  demonstration  of  gasogenic  organisms  in 
the  wound,  and  repeatedly,  if  symptoms  develop.  For  curative  purr 
poses,  however,  the  doses  are  increased,  to  80  to  100  cc,  which  may  be 
repeated  after  six  hours  and  again  in  twenty-four  hours,  followed 
hy  daily  smaller  injections.  According  to  Van  Beuren  (q.  v.)  Dr. 
Elser  advises  the  following  routine  for  the  serum  treatment: 

1.  A  prophylactic  dose  of  polyvalent  serum,  given  as  early  as  pos- 
sible after  the  receipt  of  the  wound,  combined  with  tetanus  antitoxin. 

2.  Baeteriologic  examination  of  the  wound  and  establishment  of  the 
presence  of  gas  bacillus  infection  and  determination  of  the  variety 
of  the  bacteria.  The  determination  can  be  made  in  about  twenty-four 
hours. 

3.  Administration  of  specific  serum,  either  single  or  jiolyvalent  or 
"pooled,"  according  as  there  are  one  or  more  gas  formers  found,  and 
also  antistreptococcus  serum. 

It  is  emphasized  that  serotherapy  is  entirely  auxiliary  and  in  no 
w'ay  replaces  operative  treatment  of  the  wounds.  Quenu,  for  example, 
in  advocating  the  use  of  Leelainche  and  Vallee  polyvalent  serum,  de- 
clares that  "the  mechanical  early  and  complete  clearance  of  the  wound 
is  essential  to  success;"  while  Rouvillois  and  others,  using  antivibrion 
septique  and  antibellonensis  serum,  "practice  the  surgical  technic  ex- 
actly as  if  there  were  no  question  of  serotherapy."  And  Marquis  con- 
cludes that,  "although  curative  serotherapy  assures  recovery  in  the 
great  majority  of  cases,  it  is  only  an  aid  to  the  necessary  surgery." 

As  to  the  results  of  preventive  and  curative  serotherapy,  in  Novem- 
ber, 1917,  the  third  Interallied  Surgical  Congress  for  the  Study  of  War 
"Wounds  reported  that  antiperfringens  serum  seemed  to  have  given 
favorable  results  as  a  preventive  injection,  and  that  the  antivibrion 
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septique  and  aiitiedematiens  serum  had  given  very  appreciable  re- 
sults, both  from  a  preventive  and  a  curative  standpoint.  In  November, 
1918,  the  same  conservative  body  announced  that  preventive  sero- 
therapy in  tlie  French  Army  liad  reduced  the  frequency  of  gas  gan- 
grene, and  that  curative  serotherapy  had  given  equally  encouraging 
results.  But  they  added  that  these  should  never  l)e  regarded  as  more 
than  an  adjuvant  to  surgery  which,  as  they  put  it,  "is  still  indicated 
and  in  no  way  modified. ' '  The  specificity  of  antibodies,  of  course  com- 
plicates the  problem.  It  is  like  a  lock  which  can  be  opened  only  by  one 
key,  and  consequently  the  administration  of  the  serum  in  its  preven- 
tive and  its  curative  uses  must  be  governed  accordingly. 

Cases  of  penetrating  wounds  of  the  orbit,  wdiile  relatively  rare,  have 
been  seen  by  many  observers,  although,  as  such  cases  are  mainly  of 
the  severe  cranio-cerebral  type,  involving  the  orbito-nasal  region  and 
with  exposure  and  extrusion  of  the  brain  through  breaches  in  the 
anterior  fossal  and  frontal  bones  they  have  been'  under  general  sur- 
gical rather  than  ophthalmic  care.  Several  such  cases  are  reported 
by  Gushing  {Brif.  Jour,  of  Surgery,  April,  1918)  by  Greenwood 
{Medical  War  Manual  No.  3),  who  reports  penetrating  wounds  of 
the  orbit  with  subsequent  gas  bacillus  infection.  James  {Ophthalmic 
Review,  Vol.  XXIX,  p.  161)  reports  his  second  case  of  gaseous  pan- 
ophthalmitis of  non-military  origin  giving  the  references  to  date. 
Pringle  {Brit.  Jour.  Ophthal.,  March,  1919,  p.  110)  reports  three 
unique  cases  of  gas  infection  of  the  cornea  following  gunshot  wounds 
of  the  eye.  The  second  case,  seen  three  days  after  the  face  and  eyes 
had  been  wounded  by  a  detonator  explosion,  showed  multiple  septic 
wounds  of  the  face  and  vision  reduced  to  light  perception  in  the  right 
eye,  while  the  left  was  blind.  The  right  eye  was  congested  and  dirty 
wath  muco-purulent  discharge  from  the  conjunctiva.  Superficial 
wounds  of  the  nasal  side  of  the  cornea  existed,  soiled  by  dirt.  No 
evidence  of  perforation.  Fundus  and  media  normal.  The  left  e.ye  was 
intensely  inflamed,  the  secretion  was  muco-purulent  and  at  the  nasal 
margin  of  the  limbus  an  infiltrated  perforating  wound  was  apparent. 
About  five  hours  after  the  first  examination  the  whole  left  cornea  had 
become  infiltrated,  soft  and  swollen  and  was  bulging  forward  at  the 
wound;  while  cliomosis  of  tlie  bulbar  conjunctiva  liad  set  in  with  a 
decided  increase  in  tlie  general  inflammation.  The  eye  was  enucleated 
by  Lister's  method  and  the  cavity  freely  irrigated  with  1-5000  bich- 
loride of  mercury  solution.  Recovery  was  uneventful  and  on  discharge 
5  days  later,  vision  of  6/18  had  returned  to  the  remaining  eye.  Bac- 
teriological examination  of  portions  of  the  cornea  and  globe  showed 
staphylococci  and  a  gas-forming  bacillus  which  was  not  identified. 
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Nine  months  after  the  first  another  ease  M-as  seen  and  is  reported  in 
detail. 

Apparently  there  is  little  to  ehoose,  from  the  standpoint  of  risk  of 
generalizing  infection,  between  evisceration  and  enucleation  by  Lis- 
ter's method  in  these  cases  of  gaseous  panophthalmitis,  save  that  the 
presumptive  ease  of  treatment  of  infected  orbital  fat  and  its  musculo- 
aponenrotic  content  is  vastly  greater  hy  the  continuous  irrigation 
in   the  absence  of  the  globe. 

Gas  and  tetanus  bacilli  have  the  common  characteristic  that  their 
peculiar,  almormal  manifestations  fail  to  appear  in  a  large  number 
of  cases  in  which  their  presence  in  the  wound  has  been  demonstrated. 
In  seeking  an  explanation  of  this  Bulloch  and  Cramer  (Proc.  Rojj. 
Soc,  London,  May  15,  1919)  found  that  emulsions  of  earth  were  the 
oidy  ones  which  frequenth%  though  not  invariably,  elicited  gas  gan- 
grene or  tetanus  wlien  injected  with  the  corresponding  bacteria  which 
had  been  detoxicated  by  washing.  As  filtered  watery  extracts  of  earth 
were  also  effective  and  as  the  power  for  damage  differed  in  samples 
obtained  from  different  localities,  these  authors  conclude  that  the 
chemical  contamination  of  wounds,  as  weW  as  their  bacterial  invaders, 
may  play  a  part  in  determining  the  appearance  of  these  infections. 
Another  common  cliaracteristic  of  gas  and  tetanus  bacilli,  and  of  many 
other  pathogenic  organisms  as  Avell,  is  that  tliey  may  lie  latent  in  a 
wound  whicli  lias  been  thoroughly  healed  and  may  later  l)e  liberated 
and  multiply,  as  a  result  of  the  traumatism  of  the  surrounding  tissues 
or  by  operative  procedure,  showing-  all  the  evidence  of  an  acute  tj'pical 
infection.  Pybus  and  his  associates  have  demonstrated  {B.  M.  J., 
Apr.  19,  1919)  this  latency  by  examining  missiles  which  were  ap- 
parently sterile  and  which  were  extracted  from  the  tissues  from  1  to 
30  months  after  injury  because  th^y  caused  pressure  on  nerves  or  in- 
terfered with  motion.  Fifty  per  cent,  of  44  specimens  examined  bac- 
teriologically  Avere  sterile.  Staphylococci  were  demonstrated  in  10 
cases,  putrefactive  bacilli  in  six,  tetanus  in  two  and  gas  bacilli  in  one. 
In  a  case  where  a  fragment  of  shell  was  removed  streptococci  and 
tetanus  were  found.  Suppul-ation  resulted  and  antitetanic  serum 
Avas  injected  at  once,  Avith  complete  recovery. 

Tetcoius. 

The  control  and  practical  banishment  of  tetanus  by  virtue  of  the 
preventive  quality  of  its  specific  antitoxin  along  with  thorough  re- 
moval of  foreign  matter  and  devitalized  tissue  is  one  of  the  triumphs 
of  preventive  medicine  in  this  late  war,  especially  in  view  of  its  iiici- 
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dence  and  gravity  during  the  earlier  months.  Like  gas  bacillus  in- 
,  feetion,  its  relation  to  wounds  of  the  eyes  is  mainly  in  connection 
with  the  grosser  orbital  lesions  with  extensive  tissue  defects  and  cranio- 
cerebral involvement.  R.  Goetz  {Clin.  Ophtal.,  vii,  4)  records  fifty 
cases  of  tetanus  following  orbito-ocular  injuries  especially  where  the 
wounds  were  soiled  by  richly  manured  earth.  The  points  of  entrance 
for  the  organism  were  the  cornea,  sclera  and  limbus,  the  orbit,  brows, 
lids,  and  very  rarely  the  conjunctiva.  That  tetanus  with  fatal  results 
may  follow  a  penetrating  injury  limited  to  the  eyeball,  is,  of  course, 
recognized  in  civil  injuries,  a  case  to  the  point  having  been  reported 
by  Sattler  {Arch.  Opth.,  Jan.,  1918,  p.  64). 

A  case  of  tetanus  following  ocular  injuries  by  a  whip-lash  is  reported 
in  the  A7in.  d'Ocul.,  cliii,  9,  along  with  19  other  cases  of  tetanus  fol- 
lowing injuries  to  the  globe.  The  injury  caused  a  perforation  of  the 
cornea  with  iris  prolapse.  When  seen  three  weeks  later  panophthal- 
mitis had  begun  and  tetanus  had  set  in  leading  to  death  in  three  days. 
There  were  characteristic  symptoms  of  cephalic  tetanus  on  admission, 
with  trismus,  difficult}'  of  deglutition  and  paralysis  of  the  seventh 
nerve. 

Among  the  anomalous  forms  of  tetanus  there  are  two  particular 
groups  whose  manifestations  are  confined  to  the  head ;  in  the  first  the 
eye  muscles  are  involved  in  more  or  less  complete  ophthalmoplegia, 
and  in  the  second,  the  facial,  hypoglossal  or  other  cranial  nerves  may 
be  implicated,  in  focal  processes  comparable  to  those  localized  forms 
of  tetanus  which  appear  in  the  limbs  as  monoplegia  or  paralegia,  or 
which  involve  the  muscles  of  the  trunk  alone.  Courtois-Suffit  and, 
Gironx  {Les  Formes  Anormales  du  Tetanos,  Paris,  1916)  discuss 
these  eccentric  forms  in  considerable  detail.  It  is  now  quite  generally 
recognized  that  the  atypical  forms  of  tetanus  occur  as  the  result  of 
incomplete  and  partial  immunization  with  antitetanic  serum  in  the 
same  way  that  attenuated  typhoid  may  follow  insufficient  serotherapy. 
Osier  warns,  however,  that  every  muscle  spasm  following  a  wound  is 
not  tetanus,  as  functional  spasm,  neurosis,  and  possibly  reflex  spasm 
associated  with  wounds,  as  described  by  Babinski,  may  be  the  source  of 
the  muscular  over-action,  while  early  in  the  war.  Mills  {Jour.  Amer. 
Med.  Assoc,  Oct.,  23,  1915)  called  attention  to  the  simulation  of 
trismic  spasm  produced  by  fractures  of  the  lower  jaw  with  remote 
points  of  entrance  of  the  missile.  Lagarde  {Military  Surg.,  Feb.,  1917, 
p.  218),  whose  summary  of  the  position  of  tetanus  therapy  to.  date 
has  been  freely  drawn  upon  here,  states  that  there  seems  to  be  strong 
experimental  evidence  that  the  immunity  given  by  a  primary  injection 
of  antitoxin  is  lost  in  about  ten  days,  for  which  reason  it  is  considered 
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advisable  to  give  a  second  subcutaneous  injection  in  all  septic  wounds 
at  the  end  of  seven  days ;  and  further,  in  wounds  following  a  chronic 
course,  caused  by  shell  fragments  or  bombs,  a  third  or  fourth  injection 
should  be  given  at  intervals  of  seven  days.  The  danger  of  anaphy- 
lactic shock  is  said  to  be  negligible  when  prophylactic  doses  of  500  U. 
S.  A.  units,  contained  in  3  cm.  of  horse-serum  are  given  subcutane- 
ously,  whatever  the  interval  after  the  preceding  injection.  The 
primary  dose,  500  such  units,  is  given  at  the  dressing  station.  A 
prophylactic  injection  should  be  given  invariably  before  operation,  best 
as  500  units  intramuscularl}^,  two  days  before  operation.  This  should 
be  done,  even  if  the  wound  is  healed,  unless  a  previous  dose  has  been 
administered  within  seven  da^^s.  It  takes  forty-eight  hours  for  the 
antitoxin  to  be  absorbed  when  administered  subcutaneously  and  twelve 
hours  with  intramuscular  injection.  Anerobes  like  tetanus  bacilli 
which  are  saprophytic  in  habit  may  live  dormant  without  propagating 
in  clean  wounds  for  two  or  three  months.  Hence  the  reason  for  the 
precautionary  proj)hylactic  dosage. 

Montais  {Ann.  de  L-Institut  Pasteur,  T.  xxx,  1916,  July,  No.  7) 
distinguishes  four  degrees  of  tetanus:  (1)  The  tetanus  which  remains 
localized  in  the  region  of  the  wound,  the  pontine  and  bulbar  centers 
escaping  altogether.  This  is,  strictly  speaking,  local  tetanus,  and  it 
occurs  almost  entirely  within  the  first  month  after  the  prophylactic 
dosage.  The  incubation  may  be  only  a  few  days  but  in  one  case  was 
three  months.  Only  two  of  the  reported  twenty-one  cases  cited.  (2) 
The  second  group,  more  frequently  seen  than  the  first,  though  its  onset 
is  local,  gives  evidence  that  the  higher  centers  are  not  completely 
protected,  because  after  the  lapse  of  days  or  weeks,  trismus  and  other 
general  symptoms  appear,  more  often  of  no  great  severity.  The  mor- 
tality is  naturally  higher  than  in  the  first  group.  (3)  In  the  third 
group  the  onset  is  usually  from  the  second  month  onward :  the  protec- 
tion of  the  higher  centers  is  much  less :  trismus,  cervical  rigidity,  and 
others  of  the  w^ell-known  general  symptoms  are  noted.  The  local  onset 
in  the  injured  member  is  no  longer  seen  or  at  least  is  no  longer  suffi- 
ciently present  to  attract  attention.  The  crises  are  not  so  severe  as 
found  in  one  entirely  unprotected,  and  the  spasticity  shows  a  tend-^ 
ency  to  persist.  The  mortality  is  from  33-50  per  cent.  (4)  In  this 
group  there  is  no  evidence  of  protective  immunity  and  the  tetanus  is 
of  the  ordinary  type.  j\Iontais  tells  us  that  the  tetanus  organism 
is  found  in  wounds  usually  in  the  form  of  spores  which  may  germinate, 
liberating  toxins  up  to  many  months  after  implantation  and  long  after 
the  effects  of  the  prophylaxis  have  disappeared.  Hence,  unless  protec- 
tion is  kept  up  as  recommended  the  protection  afforded  by  the  anti- 
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toxin  gradually  Avears  away,  trismus  and  other  general  symptoms 
appear  and  the  disease  runs  its  ordinary  course. 

Tlio  classical  symptoms  of  tetanus  sucli  as  trismus,  risus  sardonieus, 
opisthotonos,  etc.,  are  very  seMom  seen  in  those  treated  by  propliylae- 
tic  injections,  but  -when  trismus  appears,  t!u^  case  is  usually  fatal.  Tlie 
imjiortance  of  early  diagnosis  is  extreme  as  all  clinical  and  experi- 
mental evidence  shows  that  successful  treatment  diminishes  rapidly 
with  the  length  of  tiuu^  after  the  tii'st  syini>toms  have  been  observed. 
Among  the  earliest  symptoms  are  spasticity  and  increased  reflex  ex- 
citability of  the  muscles  near  the  wound.  In  these  cases  the  toxin 
reaches  the  spinal  cord  j^rimarily  by  tlie  nerves  whicli  are  connected 
with  the  seat  of  injury  aiul  therefore  Ihc  motor  nerve  cells  which 
govern  the  muscles  about  the  wound  will  be  the  tirst  affected.  Spastic- 
ity and  rigidity  may  precede  tlu^  other  symptoms  of  tetanus  by  many 
liours.  For  tliis  reason,  tlie  assistants  and  dresser-;  are  enjoined  to  re- 
port the  llrst  occurrence  of  rigidity,  twitching,  or  local  increased  re- 
Hexes  which  may  l)e  provoked  in  response  to  gentle  tapping  or  pres- 
sure.  Other  early  symptoms  of  diagnostic  value  may  be  "'anxious 
look,"  pain  in  back  of  neck,  sore  throat,  general  restlessness,  unrea- 
sonable outbursts  of  temper,  insomnia,  A'iolent  headaches,  excessive 
yawning,  complaints  of  spa^m  in  the  lind)  injured,  stitf  neck,  difficulty 
in  swallowing  without  recoguizable  cause,  stitch  in  side,  iirofuse  local 
or  general  sweats,  and  difficulty  in  micturition. 

After  symptoms  have  begun  inti'athecal  injections  of  antitoxin  must 
be  given  as  soon  as  possible  after  the  tirst  symptom  has  been  noted,  an 
hour's  delay  often  meaning  the  difference  between  success  and  failure. 

In  extreme  cases  massive  doses  ol  serum  are  urged,  without  giving 
too  great  importance  to  anaphylactic  accidents,  it  being  sounder 
l)ractice  to  give  an  unnecessary  injection,  either  under  these  conditions 
prophylactically,  or  in  decayed  operative  work,  than  to  allow  the  de- 
velopment of  tetanus  needlessly.  Treatmeut  ]\v  magnesiinn  sulphate 
and  phenol  has  been  put  aside  as  useless  or  impractical. 

Mctastaiic   OphfJmhuifis. 

It  is  worthy  of  attention  that  the  very  small  number  of  cases  of  this 
condition  reported  in  detail,  occurred  mainly  during  that  period  of 
the  war  when  wounds  Avere  literally  pools  of  suppuration  and  the 
wonder  is  that  this  "panophthalmitis  of  pyemia"  was  not  a  more 
frequent  complication.  Probably  such  relative  immunity  of  the  eyes 
may  be  explained  bj'  the  work  of  Rosenau,  Irons,  Brown  and  others, 
dealing  with  specificity  in  the  strains  of  germs,  notably  streptococci, 
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ill  their  attack  upon  .speeilie  orgaiis,  tiio  usual  ijyemic  strains,  ior  ex- 
ample, probably  laeking  specificity  with  regard  to  the  eye.  There  cer- 
tainly seems  to  be  no  ground  for  assuming  a  resistance  to  infection 
inherent  to  the  eyes. 

Picliler  {Klin.  Moiudsbl.  f.  AuyoihcUl:..  .June,  liJl."),  [).  682)  re- 
cords three  cases,  all  of  them  ending  fatally,  in  which  sudden  dilata- 
tion of  tiie  pupil  and  loss  of  reaction  to  light  was  followed  in  from  one 
to  three  days  by  characteristic  metastatic  ophthalmitis.  The  causative 
conditions  were  pneumonia,  pyemia,  and  meningitis  complicated  with 
pneumonia. 

In  his  Atlas  der  KriegsinigenhcUkundv,  11)16,  von  Szily  gives  the 
details  of  four  cases :  Case  1.  A  soldier  was  wounded  by  a  rifle  bullet 
which  penetrated  behind  the  right  ear  into  the  mouth  destroying  the 
superior  maxilla  Avithout  injuring  the  eyes  either  directly  or  indi- 
rectly. There  was  also  a  severe  wound  of  the  buttock.  Twenty-eight 
days  later  exophthalmos  of  the  right  eye  was  noted,  with  clieinosis, 
haziness  of  the  aciueous,  iritis  and  loss  of  the  fundus  reflex.  The  left 
eye  was  similarly  Init  less  invcjlved.  The  process  was  progressive  and 
within  nine  days  panophthahnitis  was  fully  developed.  Death  oc- 
curred 41  days  after  injury. 

The  post-mortem  examination  showed  pneumonia,  j)lcurisy.  ])cri- 
carditis,  septic  infarcts  in  the  spleen  and  kidneys.  Pneumococci 
were  recovered  from  the  vitreous  and  from  all  the  viscera. 

Case  2.  A  fragment  of  shell-casing  had  produced  a  carotid  aneurysm 
in  the  left  side  of  the  neck.  This  was  operated  upon  nine  weeks  after 
the  injury  but,  because  of  persisting  temperature,  the  wound  was  re- 
opened ten  weeks  later.  An  unsuccessful  attempt  was  made  to  remove 
the  fragment  wliich  was  lodged  in  the  cervical  vertebne,  followed 
about  a  month  later  by  progressive  inflammation  of  the  left  eye  with 
exophthalmus,  eliemosis  and  finally  l)y  iritis,  panophthalmitis  and 
enucleation.  Streptococci  were  recovered  from  the  vitreous.  The 
eye  showed  a  complete  detaclimeut  of  the  retina,  with  a  generalized 
intraocular  inflammation. 

Case  3.  AVas  wounded  in  the  right  thigh  by  a  fragment  of  shell- 
casing,  gas  gangrene  developing  and  making  amputation  necessary. 
Despite  this  a  general  pyemia  developed  with  involvement  of  the  left 
eye  in  a  metastatic  process  two  Aveeks  after  tlie  injury.  From  the 
vitreous  of  the  enucleated  eye  staphylocci  were  recovered,  as  well  as 
from  the  blood.  Death  resulted  four  months  later,  and  at  autopsy 
purulent  metastatic  lobular  pneumonia  of  the  left  lung,  .septic  endo- 
carditis and  generalized  septic  inflammation  of  both  eyes  were  dem- 
onstrated, the  retina  yielding  a  Gram-positive  coccus. 
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Case  4.  Eeecived  multiple  wounds  of  a  leg,  one  of  them  a  compound 
fracture  of  the  tibia.  About  three  weeks  later  ciliary  injection  ap- 
peared in  the  left  eye  followed  by  the  appearance  of  a  cloudy  vitreous, 
iritis  and  panophthalmitis,  forcing  enucleation.  The  vitreous  con- 
tained typical  chain  cocci.  At  the  autopsy  the  pathological  findings 
were  cellulitis  of  the  leg,  with  a  septic  thrombus  in  the  femoral  vein ; 
metastatic  abscesses  in  the  rectus  muscle,  epididymis  and  endocar- 
ditis. V.  Szily  believes  that  in  this  case  the  infection  came  through 
the  ciliary  vessels  of  the  iris  and  ciliary  body,  and  in  the  others 
through  the  retinal  vessels. 

Coria  and  Boulat  (Arch.  d'Ophtal.,  ^NUiy-June,  1918)  report  a  case 
of  bilateral  metastatic  infection  following  deep  shell  wounds  of  the 
left  buttock,  with  lodgment.  This  wound  was  suppurating  but  the 
patient  Avas  able  to  walk  about  with  relative  comfort.  About  3  months 
after  injury  the  fragment  of  shell  was  removed  with  some  carious 
bone  and  on  the  following  day  severe  pain  appeared  along  the  course 
of  the  sciatic  nerve  and  the  temperature  rose.  Eight  days  later  com- 
plaint was  made  of  pain  on  motion  in  several  joints  indicating  a 
spreading  infection  through  circulatory  channels.  Seventeen  days 
after  this  a  slight  conjunctival  reaction  was  noted,  becoming  more 
severe.  A  month  later  the  pupil  had  become  dilated,  immobile  and 
vision  was  dim.  From  this  time  the  signs  of  acute  panophthalmitis 
developed  rapidly  in  both  eyes  and  ultimately  perforation  of  both 
corneae  occurred  and  death  ensued.    No  autopsy  was  obtained. 

Lowenstein  [Med.  Klinik,  1918,  No.  41,  p.  1017)  and  Wilmsen 
{ibid)  report  cases  of  bilateral  metastatic  ophthalmitis,  while  Derby 
{Am.  Jour.  OplitJial.,  May,  1919)  speaks  without  detail  of  metastatic 
infections  of  the  eye  and  orbit  all  from  infected  compound  fractures 
of  the  femur. 

In  all  of  the  reported  military  cases,  as  in  those  seen  in  civil  prac- 
tice, the  intraocular  infection  appears  after  long-continued  suppura- 
tion elsewhere  in  the  body  and  the  parallel  goes  further  in  that 
bilateral  ocular  metastases  invariably  end  fatally. 

Lawford,  reviewing  the  subject  in  the  B.  J.  O.,  Jan.,  1919,  refers  to 
the  interesting  group  of  46  cases  collected  by  Chenet,  in  which  the 
ocular  signs  appeared  from  one  to  forty  days  after  the  injury.  It  is 
commonly  noted  that  the  onset  of  ocular  infection  is  a  signal  or  index 
that  general  bodily  resistance  to  infection  has  weakened,  in  that 
thereafter  the  pyemia  invariably  makes  dramatic  headway,  and  Chenet 
would  seem  to  have  well  expressed  a  clinical  truth  in  his  remark  that 
"ophthalmitis  is  a  true  sign  of  the  defeat  of  the  human  organism, 
which  has  been  maintaining  for  a  long  period  a  struggle  against  in- 
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vasion  by  pyogenic  microbes,  derived  from  the  infected  wound."  In 
Clienet's  series  the  22  examples  of  bilateral  involvement  all  ended 
fatally,  death  occurring  from  the  first  to  the  fourteenth  day  after 
the  appearance  of  ocular  signs. 

Lister  {Lancet,  July  20,  1918)  points  out  the  difference  in  the 
clinical  picture  according  to  whether  the  anterior  or  posterior  ves- 
sels receive  the  septic  embolus,  in  the  former,  exudate  appearing 
early  in  the  anterior  chamber  and  anterior  portion  of  the  vitreous,  to- 
gether with  marked  discoloration  of  the  iris ;  in  the  latter  form,  where 
the  primary  infection  is  through  the  choroidal  or  retinal  vessels  there 
is  bulbar  chemosis,  loss  of  fundus  reflex  and  dimness  of  vision  with- 
out iridic  discoloration  or  exudation  into  the  anterior  part  of  the  eye, 
at  least  in  the  early  stages.  Within  24  hours  there  is  slight  proptosis 
and  loss  of  vision  becomes  complete. 

Exogenous  Infections. 

The  exogenous  ocular  infections  are  the  connnon  residues  of  the 
numerous  penetrating  wounds  of  the  eyes,  as  Avell  as  the  not  infre- 
quent complications  of  traumatic  corneal  ulcerations,  so  common  in 
military  life.  They  occur  in  both  acute  and  chronic  forms  with  fre- 
quent borderline  types. 

The  acute  form,  usually  streptococcic  or  pneumococcic  in  origin, 
and  usually  expressed  as  a  rapidly  progressive  irido-cyclitis  with  its 
characteristic  signs  and  symptoms,  is,  happily,  seldom  seen.  The 
common  picture  is  rather  that  of  a  subacute,  low-grade  infection,  with 
slowly  progressive  degenerative  changes  in  the  vitreous,  an  easily 
irritable  eye  with,  however,  but  little  actual  pain,  and  progressive 
lowering  of  vision  which  often  becomes  blindness  as  the  plastic  changes 
which  gradually  supervene  produce  shrinking  of  the  vitreous,  de- 
tachment of  the  retina,  or  end  in  frank  vitreous  suppuration  and 
panophthalmitis.  Frequently,  however,  these  eyes  never  pass  beyond 
the  stage  of  "irritable  eyes"  and  it  will  probably  take  the  accumu- 
lated experience  of  years  to  determine  the  outcome  of  these  latter  de- 
grees of  infection  and  whether  such  eyes  must  be  regarded  and  treated 
as  a  menace,  or  whether  a  final  subsidence  of  the  inflammation  may 
be  expected  under  symptomatic  treatment.  Lister  (Lancet,  July  20, 
1918)  in  a  discussion  of  the  pathological  features  of  these  cases  of 
exogenous  panophthalmitis  remarks  that  occasionally  after  a  penetrat- 
ing injury,  when  all  seems  to  be  going  fairly  well  except  for  continued 
injection  of  the  eye,  one  sees,  a  week  or  ten  days  after  the  injuiy,  a 
white  reflex  behind  one  portion  of  tlie  lens.     Tt  may  be  wrongly 
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inferred  that  panophthalmitis  lias  set  in;  tlie  eye  is  removed,  but  on 
section  and  microscopic  examination  it  is  found  that  the  retina  has 
been  drawn  forward  at  this  point  by  the  shrinking  of  plastic  exudate, 
from  the  ora  serrata  to  the  back  of  the  lens.  Lister  further  dilates 
■  upon  those  surprising"  cases  of  inflammatory  involvement  of  the  optic 
nerve,  at  times  with  conseciuent  atrophy,  which  follow  certain  cases 
of  corneal  ulceration  or  of  infection  of  the  anterior  part  of  the  eye,  the 
apparent  lack  of  continuity  of  the  infection  being  explained  by  the 
transference  of  toxins  or  of  organisms  along  the  lymph  channels  in 
the  vitreous,  of  which  Cloquet's  canal,  forming  a  direct  means  of 
communication,  is  probably  the  chief  atrium. 

.  Practically  all  of  these  cases  of  low-grade  infection  have  the  com- 
mon trait  of  an  intense  reaction  to  operative  procedure,  whether  this 
be  early  or  delayed.  This  tendency  makes  the  treatment  of  retained 
foreign  bodies  much  more  unsatisfactory  than  those  dealt  with  in  in- 
dustrial life,  in  that  this  reaction  is  the  frequent  precursor  of  destruc- 
tion of  the  eye  from  suppuration.  This  subject  will  be  treated  with 
additional  detail  under  the  heading  of  intraocular  foreign  bodies. 

Injuries  of  the  eyeballs,  the  orbits  and  adiiexee  are  considered  un- 
der the  headings  which  follow  and,  for  greater  fullness  of  detail,  it 
is  suggested  that  these  sections  be  read  -with  the  corelative  passages  of 
the  companion  essay  on  Military  ophthalmology  in  Vol.  X  of  this  En- 
eyclopedia: 

I.    OCULAR  INJURIES  FROM   CONCUSSION   AND   CONTUSION. 
II.    OCULAR   INJURIES   FROM   PENETRATION. 

III.  THE  PROBLEM  OF  ENUCLEATION. 

IV.  SYMPATHETIC  OPHTHAMILITIS. 

V.    INJURIES   OF   THE  ORBITS   AND    ADNEX.E. 

I.     OCULAR    INJURIES    FROM    CONCUSSION    AND    CONTUSION. 

These  may  be  grouped  into  (a)  direct  concussion  injuries  from  the 
tremendous  atmospheric  comjiression  and  decompression  which  ac- 
companies nearby  shell  or  mine  explosions;  ()))  the  effects  of  vio- 
lence applied  mainly  to  the  orbital  buttresses  and  walls  and  to  the 
adjacent  facial  bones  and  transmitted  tlience  to  the  ocular  coats  via 
the  orbital  fat.  Tliis  constitutes  indirecl  or  iraiisinittcd  concussion  : 
(3)   direct     contusion  of  the  eye,  without  penetration. 

Direct  or  air-concussion.  This  war  has  removed  the  question  of 
air  concussion  injuries  of  the  eyes  from  the  realm  of  controversy 
and  has  established  as  a  fact  that  lesions  of  the  inner  coats  of  the 
eye  may  be  caused  by  concussion  from  a  distaiu'c,  the  force  reach- 
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iiig  the  eye  wliuUy  through  the  air,  and  while  not  sutHeient  to  rup- 
ture the  dense  sclerotic,  yet  is  enough  to  injure  the  more  delicate 
choroid  and  retina.  Testimony  to  this  eft'ect  has  been  so  conclusive 
that  Lagrange  {Ailas  d'Ophilwhnoscopic  de  Guerre,  1918),  lias  for- 
mulated as  a  "law"  tlie  following  facts  which  concern  this  form  of 
injury  of  the  intact  eyeball:  "The  commotion  of  the  air  caused  by 
the  explosion  of  a  shell  at  a  distance  may  injure  the  eye  so  severely 
tluit  the  inner  coats  are  lacerated.  There  exist  well-proven  cases  of 
luxation  and  subluxation  of  the  lens  and  of  traumatic  cataract  by 
this  mechanism.""  Tlie  lesions  of  llie  fundus  in  air-concussion,  as 
in  indirect  concussion,  mainly  involve  the  macular  and  paramacular 
area  although  other  parts  of  the  retina  and  choroid  may  be  involved. 

In  nearly  every  case  of  concussion  a  diMurhance  of  eiecommoelation 
is  produced,  varying  from  the  irregular  spasm  which  is  productive 
of  a  refractive  myopia  aiul  which  is  reduced  by  the  use  of  atropine, 
to  variable  paralyses  or  pareses  of  acconnnodation,  the  majority  of 
which  ultimately  clear.  Transitory  astigmatism  not  uncommonl}^ 
folloAvs  this  type  of  injury.  McKee  {(Jaiiddidu  Med.  Jour.,  Feb.. 
1918)  is  confident  that  the  cases  Avhich  he  reports  are  illustrative 
of  permanent  myopia  caused  direct'y  and  wholly  by  concussion  of 
the  globe  (windage).  Leplat  (Arcliir.  mcd.  Beiges,  May,  1917)  de- 
scribes the  case  of  a  soldier  wlio  was  looking  toward  a  mortar  a  few 
feet  distant  at  the  moment  of  firing.  The  vision  was  immediately 
reduced  and  examination  showed  hypJu'uia,  ciliary  injection,  and 
une(pial  pu])i]lary  dilatation  under  atroi)in('.  The  eye  became  nor- 
mal in  16  days. 

Cassimatis  (Year  Booh\  191G,  ]>.  .'j.j!))  reports  the  ease  of  a  soldiei' 
who  was  knocked  unconscious  by  the  nearby  explosion  of  a  shell  of 
large  caliber,  without  having  been  struck.  Wlien  he  recovered  con- 
sciousness he  experienced  such  violent  vertigo  that  he  was  unable 
to  stand  or  even  sit  \\\).  In  this  condilion  he  was  sent  to  a  hospital, 
Avhere  no  evidence  of  direct  wound  could  be  discovered.  About  a 
menth  later  \\q  was  seen  by  the  reporter  for  an  ocular  examination. 
The  man  could  hardly  sit  up.  The  i)upils  were  large,  ahnosl  iinnio- 
bile  to  light;  the  sight  of  one  eye  equalled  only  light  perception,  the 
other  counted  fingers  at  20  cm.  Ophthalmoscopic  examination  of 
the  fundus  showed  mai'ked  discoloration  of  both  ]iapilhe.  but  no 
other  appreciable  intra  ocular  lesion.  The  reporter  concludes  that 
this  was  an  instance  of  descending  optic  atrophy  caused  by  the  wind- 
age from  the  shell. 

Evans  (7'r.  Ophth.  Sac.  I'.  Kingdom.  1916)  reports  irido-dialysis 
and  subluxation  of  tlu^  lens  as  an  air-concussion  effect  ami  IMilady 
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ascribes  to  tlie  "windage"  resulting  from  the  explosion  of  a  hand 
grenade  the  appearance  of  delicate  radiating  opacities  in  the  cortex 
of  the  lens,  with  ray-like  opacities  extending  from  the  center  to  the 
cortex.  These  were  observed  eight  days  after  injury  and  disap- 
peared completely  under  the  use  of  dionin  and  heat,  vision  rising 
from  6/36  to  5/12  in  eleven  days. 

Lawson  {Brit.  Jour.  Ophthal.,  Oct.,  1917)  notes  detachment  of 
the  retina  at  the  ora  serrata  following  tlie  explosion  of  a  bomb  near- 
by. 

Ormond  {Tr.  Oplith.  Soc.  U.  Kingdom,  Vol.  XXXVII,  p.  60), 
despite  having  been  assured  that  the  explosive  force  of  modern  shells, 
often  equalling  a  pressure  of  10,000  kgrni.  to  the  square  meter,  is 
such  that  the  lids  have  been  torn  away  and  the  whole  eye  dislocated 
by  the  force  of  the  displaced  air  and  expanding  gas,  nevertheless 
considers  that  a  major  injury  of  this  sort  is  not  yet  definitely  proven. 

McKee  describes  a  condition  of  traumatic  retino-choroiditis  char- 
acterized by  diffuse  cloudiness  of  the  retina,  numerous  small  exu- 
dates in  the  choroid,  and  fine  dust-like  opacities  of  the  vitreous.  It 
is  identical  with  retino-choroiditis  of  secondarv  syphilis.  It  varies 
in  degree  from  a  very  slight  opacity  of  the  vitreous  to  diffuse  thick 
opacities  with  changes  in  the  choroid.  He  has  seen  a  large  number 
of  such  cases  in  which  he  is  positive  the  changes  were  due  to  trauma 
(windage). 

Frenkel  (Ann.  d'Ocul.,  cliv,  1)  pictures  the  interesting  case  of  a 
soldier,  exposed  to  terrific  explosions  of  shells  in  the  trenches,  who, 
without  having  been  hit,  noticed  that  his  right  eye  was  blind.  When 
examined  eiglit  months  later  a  diagnosis  of  optic  neuritis  and  chorio- 
retinitis was  made.  The  Wassermann  was  positive.  After  a  few- 
months  of  antiluetic  treatment  Frenkel  found  a  partial  optic  atro- 
phy, with  five  white  circles  arranged  above  and  below  the  papilla. 
Two  of  these  above,  each  about  1  mm.,  showed  a  few  small  white  dots 
along  the  arteries  passing  within  the  zone  of  these  circles.  Two  of 
tlie  lower  circles  were  somewhat  larger  than  the  upper  and  one 
showed  a  partly  absorbed  hemorrhage  at  its  lower  periphery.  The 
adjoining  retina  was  whitish.  The  fifth  circle,  occupying  ^  of  a 
circle,  situated  in  the  lower,  inner  quadrant  of  the  fundus,  showed 
three  whitish  patches,  probably  due  to  old  hemorrhages.  The  left 
eye  w-as  normal.  Frenkel  regards  this  appearance  as  due  to  circular 
folds  of  the  retina  produced  by  the  impact  of  the  posterior  pole  of 
the  globe  against  the  tip  of  the  orbit  during  the  sudden  increase  of 
air  pressure  caused  by  the  explosion  of  shells  about  2  meters  away. 

Harriet   {Arch.  d'Ophicd.  Vol.  35,  No.  9,  p.  374,  1916)   observed 
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unilateral  posterior  polar  cataract  following  the  explosion  of  a  shell, 
a  few  meters  away  from  two  soldiers  who  were  near  each  other  at 
the  time.  Nine  days  later  there  was  no  sign  of  wound  of  the  eyeball  in 
either  case.  In  one  there  was  a  small  superficial  scar  at  the  lower 
border  of  the  orbit  near  the  nose.  In  each  case  there  was  persistent 
mydriasis,  and  a  stellate  opacity  at  the  posterior  pole  of  the  lens, 
which  latter  became  opaque  throughout,  in  both  patients. 

Descomps,  Enziere  and  Merle  (Bull.  Soc.  med.  d^Hop.  v.  42,  p.  385) 
have  noted  some  interesting  effects  of  shell  concussions  upon  con- 
vergence. At  one  of  the  army  centers  of  neurology  it  was  noticed  that 
the  eyeballs  were  found  intensely  converging  after  the  rotation  test; 
and  from  ten  to  ninety  seconds  elapsed  after  the  close  of  the  test  before 
the  eyes  resumed  their  normal  position.  In  the  nine  cases  described 
in  four  this  convergence  of  the  eyeballs  was  the  only  sign  of  anything 
wrong  in  the  oculomotor  sphere.  But  in  the  other  five  eases  there  was 
paresis  of  some  of  the  neuromuscular  apparatus  of  the  eyes.  The 
writers  of  the  report  regard  the  convergence  as  the  equivalent  of 
paralysis,  and  theorize  to  explain  its  mechanism,  saying  that  it  is  a 
mistake  to  think  that  all  the  symptoms  elicited  by  the  rotation  tests 
are  referable  to  internal  ear.  All  these  men  were  "  commotiones, " 
and  some  had  traces  of  evident  organic  central  lesions  from  the  shell 
concussion.  The  probability  is,  they  think,  that  this  convergence 
sign  is  a  manifestation  of  some  minute  focal  lesion  in  the  brain. 

Similar  paralysis  has  been  noted  by  Lortat-Jacob  and  Hallez,  who 
report  {Bull.  Soc.  med.  d'Hop.,  v.  42,  p.  34)  the  case  of  a  soldier 
who  was  left  with  the  Claude  Bernard-Horner  syndrome  after  sub- 
sidence of  the  usual  nervous  disturbances  from  severe  shell  con- 
cussion. 

Lagrange  (Atlas  d'Ophtalmoscopie  de  Guerre)  describes  and  pic- 
tures five  chorioretinal  lesions  from  this  source  which  include  hem- 
orrhages, choroidal  tears  and  later  pigmentary  changes  about  the 
posterior  pole,  as  in  direct  and  indirect  contusions  of  the  eye. 

It  is  seldom  possible  to  differentiate  between  the  effects  produced 
by  direct  contusion  and  by  indirect  or  transmitted  concussion,  and 
the  pathology  evoked  by  these  quite  dissimilar  forms  of  violence  ac- 
cordingly will  be  considered  as  identical,  save  for  the  single  excep- 
tion of  direct  corneal  contusions,  which  have  little  or  no  counterpart 
in  corneal  lesions  derived  from  indirect  concussion. 

It  had  been  recognized  long  before  this  last  war,  that  the  blunt 
and  relatively  slow  moving  civil  traumas  applied  Avitliout  direct 
ocular  injury  to  the  frontal  bosses  and  malar  bones,  the  superior 
and  inferior  maxilhe  and  especially  to  the  orbital   buttresses,  were 
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not  infrequently  followed  by  intraocular  lesions  such  as  lenticular 
displacements,  iridic  deformities  and  pareses,  bleeding  into  the 
aqueous,  the  vitreous,  the  choroid,  or  the  retina,  retinal  detachment 
and,  somewhat  less  commonly,  choroidal  tears.  It  was  not  even  re- 
motely anticipated,  however,  that  such  lesions  would  occur  in  mili- 
tary' injuries  with  the  frequency  and  gravity  which  they  finally  as- 
sumed, Rollet  and  Velter  {Auier.  Jour.  Ophth.,  Vol.  1,  p.  211),  for 
example,  having  found  three  hundred  and  forty-three  lesions  of  the 
deep  coats  of  the  intact  eye  among  three  thousand  nine  hundred  and 
fifteen  wounded,  or  8  per  cent.  In  145  cases  the  impact  of  the  pro- 
jectile was  directl}'  upon  the  eyeball;  in  128  the  impact  was  upon 
adjoining  structures,  particularly  the  outer  portion  of  the  orbit. 
The  writers  grouped  their  cases  under  the  following  headings :  1st, 
detachment  of  retina,  43  cases ;  2nd,  detachment  with  exudation, 
resulting  in  proliferating  retinitis  or  cicatricial  bands,  37  cases; 
3rd,  rupture  of  the  choi'oid,  133  cases ;  extremely  variable  in  extent 
and  position;  4th,  choroidoretinal  hemorrhages  and  resulting 
changes,  130  cases,  of  which  38  Avere  in  the  macular  region ;  5th,  con- 
comitant lesions  of  the  papilla  from  simple  hyperemia  to  atrophy. 

Lagrange  (ihid)  classifies  such  lesions  according  to  their  produc- 
tion by  1.  general  concussions  of  the  bones  of  the  face,  without 
direct  injury  to  the  orbital  cavity ;  2.  by  projectiles  acting  on  the 
bones  of  the  face  and  fracturing  the  orbit,  often  with  peripheral 
fundus  lesions  due  to  contact  with  extraocular  tissues,  acting  as 
secondary  missiles ;  3.  by  projectiles  involving  the  orbit  behind  the 
eyeball,  Avliich  is  not  touched  by  the  missile ;  and  4.  by  mediate  or 
immediate  contusions  of  the  eyeball.  This  classification  is  further 
condensed  into  (1)  lesions  by  concussion,  (2)  lesions  by  contact  and 
(3)  combined  lesions.  In  lesions  of  the  first  order  the  concussion  is 
truly  aerial,  or  is  accomplished  through  the  bony  facial  structures, 
or  through  the  corneal  and  transparent  media,  the  orbital  walls, 
floor,  roof  or  cavity  not  being  directly  injured.  In  lesions  by  im- 
pact, as  de  >Schweinitz  states  {Amcr.  Jour.  Ophih.,  iSlay,  1919,  p. 
313)  there  is  traumatism  of  the  frontal  region  and  radiating  frac- 
ture of  the  orbital  vault,  or  passage  of  a  missile  through  the  orbit 
behind  with  injury  of  the  optic  nerve,  but  not  of  the  bulb,  or  pas- 
sage of  a  missih'  through  the  orbit  tangentially  to  the  eye,  grazing 
it  but  not  rupturing  the  globe.  Should  the  lesions  of  the  inner  mem- 
branes result  from  a  concussion  at  a  distance,  their  development 
has  been  attributed  to  the  commotion  of  the  air-column  shaking  the 
ocular  wall  in  the  same  manner  as  it  shakes  the  door  in  a  room. 
Should  the  coiicnssiou  \v;ives  reach  the  ca'c  in  a  line  of  transmission 
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tliroiigh  the  bony  facial  .stnietiire,  the  effect  lias  been  likeued  to  the 
lifting  up  and  shaking  of  a  ship  by  a  ground  swell,  and  the  entire 
adipose  envelope  is  concussioned,  resulting  in  ruptures  of  the  inner 
ocular  coats  (Lagrange). 

In  this  connection  it  may  be  interesting  to  quote  from  an  editorial 
review  of  Bonnet's  recent  contribution  to  the  study  of  the  effect  of 
shell  explosions  on  the  human  organism,  published  in  the  Journal 
of  the  American  Medical  Association,  Februarj^  8,  1919.  Bonnet 
explains  the  nervous  and  pulmonary  lesions  which  follow  shell  ex- 
plosions by  assuming  "that  the  aerial  wave-compression  acts  primar- 
ily on  the  superficial  capillaries  and  bloodvessels,  as  well  as  those 
of  the  abdominal  cavity ;  in  short,  those  not  protected  by  nature  from 
pressure.  There  is  thus  formed  a  blood  column  which  is  driven  like 
a  battering  ram  into  inconipressil)le  cavities,  like  the  thorax  and  the 
cerebrospinal  cavity.  As  a  result  the  smaller  vessels  in  these  cav- 
ities may  rupture,  causing  vaiying  amounts  of  injury.  The  ej'e  and 
the  ear  are  especially  liable  to  suffer,  the  former  by  its  position  ex- 
posed to  pressure,  and  the  latter  by  its  physiologic  adaptability  to 
receiving  pressure. ' ' 

Lister  {Lancet,  July  20,  1918,  \^.  67),  discussing  the  sites  at  which 
concussion  changes  occur  states  that : 

"Blows  on  the  front  of  the  eye  give  rise  to  changes  as  a  rule  only 
at  the  posterior  pole,  at  or  around  the  macula.  While  missiles  pass- 
ing through  the  side  of  the  orbit  may  cause  concussion  changes  at 
three  different  situations:  (1)  Adjacent  to  site  of  impact;  (2)  at 
macula;  and  (3)  immediately  opposite  site  of  impact. 

"(1)  The  area  which  is  alwaj's  concussed  is  that  adjacent  to  the 
site  of  impact.  (This  is  strikingly  in  contrast  to  rupture  of  the 
sclerotic  from  a  similar  injury,  which  frequently  takes  place  exactly 
opposite  the  place  of  impact,  as  already  noted.)  So  constant  is  this 
that  in  certain  cases  of  wound  on  one  side  of  the  head,  with  no  ap- 
parent disturbance  on  the  other  side  with  the  exception  of  some 
blurring  of  vision,  the  ophthalmoscope  by  revealing  concussion 
clianges  in  the  eye  of  this  side  will  enable  us  to  state  with  certainty, 
not  only  that  a  foreign  body  has  passed  across  the  head  and  through 
the  orbit  on  the  opposite  side  to  the  wound  of  entrance,  but  also  to 
define  its  course — a  piece  of  information  wliich  may  1)e  of  great 
value  to  the  general  surgeon. 

"(2)  The  concussion  changes  found  at  the  macula  from  blows  on 
the  front  of  the  eye  are  common,  and  wouM  be  anticipated  as  the 
result  of  bruising  at  the  site  of  contrecoup,  but  macular  changes  due 
to  I)lows  oil  the  side  of  the  eve  arc  dinifult  to  account   for  and   the 
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subject  needs  elucidation.  The  greater  vascularity  and  delicacy  of 
structure  in  this  region  renders  it  in  all  probability  more  vulnerable. 
They  are  often  in  a  group  quite  distinct  from  the  disturbed  area 
adjacent  to  the  site  of  impact,  and  a  band  of  normal  retina  may 
separate  the  two.  Such  cases  have  corresponding  fields  of  vision, 
which  show  two  defects,  a  central  or  paracentral  scotoma  and  a 
peripheral  defect,  separated  from  one  another  by  a  band  where  vision 
is  retained. 

"(Commotio  retinae  may  also  occur  in  two  distinct  patches — one 
central,  the  other  peripheral — as  has  been  described  by  other  ob- 
servers. ) 

"  (3)  In  some  cases  of  a  lateral  blow  on  the  eye  hemorrhages  were 
seen  immediately  opposite  the  site  of  impact,  Avhich  corresponds  with 
the  bruising  of  the  brain  at  the  pole  opposite  to  the  point  struck, 
and  also  with  the  site  of  the  contrecoup  rupture  of  the  sclerotic." 

de  Schweinitz  makes  the  interesting  note  that  a  concussion  sent 
through  the  maxillofacial  area  of  one  side  with  the  production  of 
ipsolateral  ocular  lesions  is  probably  prevented  from  producing  like 
lesions  in  the  opposite  eye  because  the  nasal  accessory  sinuses  pre- 
vent the  passage  of  the  concussion  or  shock  to  that  globe. 

In  the  majority  of  these  injuries  there  are  no  external  indices  of 
the  grave  intraocular  damage,  a  fact  Avliich  makes  routine  ophthal- 
moscopic examination  imperative  not  only  in  the  case  of  every  head 
injury  but  also  of  every  soldier  wounded  by  high-power  explosives. 
A  reduction  of  intraocular  tension,  .often  of  degree,  frequently  oc- 
curs and,  as  Treacher  Collins  shoAvs  {OphfJiaJmoscopc,  July,  1916) 
the  contusion  hypotony  may  be  restored  to  normal  in  a  few  days  or 
weeks,  or  in  some  cases  apparently  becomes  permanent.  Collins 
(Arch.  Opliih..  Sej^t.,  1918,  p.  476)  further  considers  as  sequelas  of 
hypotony  many  of  the  later  conditions  more  commonly  looked  upon 
as  direct  effects  of  the  traumatizing  violence,  thus  ascribing  striate 
opacities  of  the  cornea  to  the  Avrinkling  of  its  elastic  lamiufe  and  the 
immediately  adjacent  substantia  propria  as  the  result  of  the  relaxa- 
tion of  tissues  usually  kept  taut.  He  similarly  explains  the  choroidal 
pigmentation  so  often  seen  after  contusion  and  concussion  as  the 
product  of  similar  Avrinkling  of  the  elastic  lamina  of  the  choroid 
with  a  consequent  heaping  of  the  pigment  epithelium  at  those  points 
Avhere  the  folds  occur  and  he  considers  the  refractive  changes  folloAV- 
ing  contusion  as  results  of  displacement  forwards  of  the  lens  sys- 
tem, which  tends  toward  the  production  of  a  more  or  less  transitory 
myopia.  Collins  finally  asserts  that  exudation  of  lymph  takes  place 
into  the  various  intraocular  spaces  as  a  result  of  the  difference  be- 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN    13725 

tween  the  relatively  higher  blood  pressure  and  the  lower  intraoeu- 
lar  pressure  and  that  this  exudation  aeeounts  for  detachment  of  the 
ciliary  body  and  choroid,  and  retina,  for  a  coagulable  aqueous  and 
for  the  edema  of  the  papilla  resembling  choked  disc  which  occurs 
occasionally  and  which  may  be  followed  by  optic  atroph}-.  ]\Iagitot 
{Amer.  Jour.  Ophth.,  Vol.  1,  p.  587;  Vol.  2,  p.  65)  considers  the 
variations  in  intraocular  tension  as  the  effect  of  trauma  upon  the 
choroidal  sympathetic  plexuses  which  regulate  the  intraocular  vaso- 
motor system. 

The  changes  which  occur  as  the  result  of  ocular  concussion  and 
contusion  may  be  given  regionally  as : 

(a)  Striate  opacities  of  the  cornea  (striate  keratitis)  due  to  rup- 
ture of  its  anterior  layers,  giving  rise  to  straight  or  curved  super- 
ficial stria?.  Lister  (q.  v.)  states  that  sections  through  such  stria 
show  a  rupture  of  Bowman's  membrane  and  of  a  variable  number 
of  the  anterior  layers  of  the  substantia  propria,  with  a  growth  of 
epithelium  into  the  gap  thus  made  comparable  to  its  growth  into  a 
wound  of  operation  at  the  limbus.  These  striae,  though  often  sim- 
ilar clinically,  are  different  both  in  origin  and  in  microscopic  struc- 
ture from  the  nearly  straight,  radiating  anterior  striie  met  wdth  in 
soft  ruptured  eyes,  which  are  due  to  folding  or  crinkling  of  Bow- 
man's membrane.  The  latter  radiate  across  the  cornea  from  the  line 
of  rupture  in  the  same  way  that  the  posterior  striae,  due  to  folding 
of  the  posterior  layers  of  the  cornea  (i.  e.,  the  ordinary  striate  kera- 
titis), radiate  from  an  operation  wound  when  there  has  been  much 
bruising  of  the  corneal  tissue  or  when  cyclitis  has  supervened.  The 
forms  of  striate  keratitis  seen  in  association  with  lowered  tension 
and  which  disappear  Avithin  a  few  days  are  merely  the  effects  of 
folding  of  Bowman's   membrane. 

(b)  Blood-staining  of  the  cornea  occurs  in  concussion  injuries  as  an 
accompaniment  of  very  extensive  intraocular  hemorrhage.  The  dis- 
coloration may  involve  a  part  or  all  of  the  cornea  save  its  extreme 
periphery  and  greatly  resembles  an  interstitial  keratitis.  As  is  beau- 
tifully shown  in  v.  Szily's  Atlas  (Plate  48)  clearing  takes  place 
slowly  and  usually  from  the  periphery,  although  sector-shaped  clear- 
ance forms  have  been  noted.  In  such  cases  there  is  usually  such 
distension  of  the  anterior  chamber  with  blood  that  the  lens  system 
and  iris  are  pushed  back  strongly.  Bleeding  of  this  extent  is  not 
infrequently  but  one  phase  of  (c)  multiple  intraocular  hemorrhages 
involving,  as  well,  the  vitreous  and  the  retina,  as  inter-  and  sub- 
retinal  hemorrhage  and  causing  irrejiarable  damage  to  nutrition  and 
vision. 
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Maghy  {Amer.  Jour.  OphtJial.,  Sept.,  1919,  p.  633)  who  studied 
three  cases  of  blood-staining  of  the  cornea  in  enucleated  eyes,  one 
ease  folloAving  a  gas  burn  of  the  cornea,  concludes:  1.  The  highly 
rcfractile  bodies  seen  in  the  corneal  stroma  in  cases  of  blood-staining 
of  the  cornea  are  pigment  granules  transformed  from  hemoglobin. 
2.  Hemoglobin  gains  access  to  the  cornea  by  diffusion  through  Des- 
cemet's  membrane.  3.  The  discoloration  is  due  principally  to  the 
pigment  granules  although  blood  corpuscles  may  be  associated.  The 
degree  of  the  discoloration  varies  according  to  whether  hemosiderin 
or  other  hemoglobin  derivatives  are  present.  4.  The  staining  never 
affects  the  extreme  periphery  on  account  of  the  efficient  lymph  cir- 
culation at  the  limbus,  nor  do  Ave  find  pigment  granules  in  this  area. 
5.  The  presence  of  an  iron  reaction  seems  to  depend  on  the  vascu- 
larization of  the  tissue. 

(d)  Injuries  of  the  iris  an'd  ciliary  body  from  concussion  are  very 
common  and  will  be  found,  to  some  degree,  in  nearly  every  case  if 
carefully  sought. 

In  the  lightest  form  of  such  damage  there  is  accommodative  spasm 
with  little  or  no  refractive  change,  though  traumatic  myopia  is  not 
uncommon  and  hyperopia  and  traumatic  astigmatism  may  occur. 
In  the  severer  injuries  partial  or  complete  iridic  paresis  or  paralysis 
may  occur  and  according  to  the  nature  of  the  lesion  may  clear  or 
may  persist. 

The  irregularity  of  the  pupil  may  assume  any  form  in  consonance 
with  the  degree  of  the  lesion,  thus  the  iris  may  shoAV  rents,  perfora- 
tions, notching  of  the  pupillary  margin,  rupture  of  this  margin,  par- 
tial or  total  iridodialysis,  semicircular  foldings  and  retroplexions  of 
the  iris,  and  separation  of  the  posterior  pigment  layer  from  the  over- 
lying stroma  of  the  iris  and  ciliary  body  producing  "apparent  iri- 
dectomy." Iridodonesis  is  commonly  associated  with  the  lens  dis- 
placements. The  pupil  is  frequently  dislocated  and  is  most  often 
dilated,  the  pupillary  margin  assuming  racket-shaped,  oval,  crenated, 
dumb-bell  and  other  irregular  shapes. 

(e)  Concussion  cataracts  are  relatively  common  sequelaj  and  often 
occur  in  conjunction  with  iridodialysis  or  dislocation  of  the  lens. 
Progressive  opacification  is  not  the  rule  unless  the  capsule  is  ruptured 
and  extensive  cortical  changes  may  diminish  or  even  disappear,  while 
spontaneous  absorption  of  the  intumesced  lens  is  not  unnoted. 

Whiting  has  classified  concussion  changes  of  the  lens  according  to 
the  position  and  shape  of  the  lens  opacity  as  follows:  1,  po.sterior 
cortical  (a)  stellate;  (b)  irregular,  probably  arrested  development 
of  a  stellate  opacity.     2,  anterior  cortical,   (or  sul)capsulnr)    (a)   an- 
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nular,  (b)  disco-annular,  (e)  discoid,  (d)  double  discoid,  (e)  stel- 
late, (f)  irregular.  He  describes  each  of  these  varieties  somewhat 
at  length  and  relates  a  series  of  oases,  32  in  nnmbor.  including  ex- 
amples of  all  the  al)()ve  varieties. 

Frenkel  thinks  that  traumatic  subluxation  of  the  Umis  is  much 
more  common  than  is  generally  sr.ppos(>d.  He  groups  cases  under 
two  headings:  (a)  typical,  diagnosis  certain:  (b)  atypical  cases, 
difficult  to  diagnose  and  in  wliich  the  following  are  the  most  valuable 
signs:  (1)  Existence  of  a  fold  in  the  iris  concentric  with  the  circu- 
lus  major  and  limited  to  a  portion  of  the  circumference,  shown  by 
a  single  (sometimes  double)  line,  produced  by  the  close  apposition 
of  the  iris  to  the  edge  of  the  subluxated  lens;  (2)  diminution  of  the 
pupillary  reflexes,  and  partial  mydriasis;    (3)   unilateral  corectopia ; 

(4)  minute  tears  in  the  iris,  near  the  root,  or  in  the  sphincter  area; 

(5)  retroversion  of  the  iris  at  the  free  edge  of  an  iridodialysis ;  (6) 
partial  traumatic  cataract;  (7)  acquired  myopia  or  hypermetropia. 
He  describes  three  varieties  of  displacement  of  the  lens;  (a)  rotation 
on  an  eciuatorial  axis;  (b)  backward  displacement;  (c)  forward  dis- 
placement which  he  notes  is  most  often  overlooked.  Combined  aiul 
irregular  displacements  are  not  rare.  In  the  ophthalmic  center  of 
Toulouse  subluxation  Avas  diagnosed  in  2  per  cent,  of  the  cases  oe- 
curing  in  1915  and  in  7  per  cent,  of  518  cases  seen  in  1916. 

Experience  indicates  that  in  the  majority  of  contusion  cataracts 
it  is  better  to  defer  operation  \niless  urged  thereto  by  the  develop- 
ment of  acute  sj'mptoms.  Dislocated  lenses  should  be  removed  if 
possible  but,  if  merely  subluxated,  sliould  be  left  alone. 

Rollet  and  Velter  (Clin.  Ophtal.,  vii,  7)  saw  40  cases  of  traumatic 
cataracts  without  wounds  of  the  globe  among  237  traumatic  cata- 
racts occurring  in  25,000  eye  cases  and  consider  the  operative  indica- 
tions for  this  condition  to  be:  1.  Luxation  of  the  lens  or  its  com- 
plete opacification ;  2.  hypertension  which  does  not  yield  to  miotics, 
and,  3.  Very  poor  vision  in  the  other  eye.  They  consider  hypotony 
an  absolute  contraindication  to  operation  even  with  a  complete  cat- 
aract as  it  often  indicates  a  latent  iridocyclitis  which  may  flame  into 
a  manifest  lesion  with  any  operative  trauma.  AVhere  vitreous  and 
retinal  hemorrhage  have  taken  place  and  where  iridodialysis,  retinal 
detachment  or  choroidal  rupture  have  occurred  it  is  well  to  await 
the  possibility  of  spontaneous  absorbtion. 

Frenkel  (Ann.  d'OcuJ.,  Feb.,  1918,  p.  78)  has  grouped  the  con- 
cussion and  contusion  injuries  of  the  eye  from  the  cornea  to  the 
lens-system,  inclusive,  under  the  term  of  "The  Traumatic  Syndrome 
of  the  Anterior  Segment  of  the  Eye."     Exception  nuiy  be  taken  to 
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the  recognition  of  so  limited  a  clinical  entity,  especially  in  view  of 
the  almost  invariable  coexistence  of  more  or  less  grave  lesions  in  the 
vitreous,  in  the  ocnlar  coats  which  form  the  fundus  and  in  the  optic 
nerve.  The  frequency  and  gravity  of  such  lesions  is  recognized  by 
the  proponent  but  he  classes  them  merely  as  "complications"  al- 
though from  their  nature  they  may  represent  the  most  destructive 
of  the  lesions  present,  as  well  as  the  chief  origin  of  the  low  vision 
which  usually  follows  such  injuries,  even  after  cataract  extraction. 

(f)  Vitreous  changes  which  occur  in  connection  with  concussion 
injuries  are  mainly  those  related  to  hemorrhage  from  the  retinal 
vessels  which  bursts  through  the  hyaloid  into  the  vitreous  and  to  its 
not  rare  secpiel,  even  in  non-penetrating  injuries,  of  conversion,  of 
the  hemorrhage  and  infiltration  into  fibrous  tissue  in  the  form  of 
bands  or  fans  of  delicate  fibrous  tissue  which  may  attach  in  front 
to  the  back  of  the  lens  or  ciliary  body  and  behind  to  the  retina.  The 
hemorrhage  and  resultant  fibrous  bands  may  ultimately  produce 
shrinkage  of  the  vitreous  and  puckering,  folding  or  actual  detach- 
ment of  the  retina,  although  such  sequels  are  much  less  common  after 
concussion  injuries  than  after  penetrating  wounds.  In  the  severer 
hemorrhages  liquification  of  the  vitreous  occurs  with  the  formation 
of  extensive  masses  of  exudate  and  broad  detachment  of  the  retina. 

(g)  CJiorio-rctinal  lesions  are  common  results  of  concussion  and 
contusion  injuries  and  range  from  the  almost  constant  traumatic 
edema  of  the  retina,  through  hemorrhage  into  or  between  any  or  all 
of  the  ocular  coats,  tears  of  the  choroid  and  retina,  either  separately 
or  combined,  detachment  of  the  retina,  evulsion  of  the  optic  nerve 
"holes  at  the  macula,"  late  pigmentary  changes  in  the  macula  and 
retina  and  finally  to  the  grave  sequels  of  blindness  from  progressive 
intraocular  degenerative  changes  or  ascending  optic  atrophy. 

Traumatic  edema  of  the  retina,  first  described  by  Berlin  as  "com- 
motio retinge"  differs  from  the  civil  type  in  that  hemorrhages  are 
more  numerous,  the  tint  of  the  retinal  haze  is  yellowish,  its  duration 
is  longer,  it  is  more  circumscribed,  and  persistence  of  stippling,  pig- 
mentation and  visual  defects  is  more  common.  Lister  (q.  v.)  states 
that  eases  are  seen  where  early  pigmentation  of  the  macula  follows 
commotio,  either  as  fine  peppering  or  as  somewhat  diffuse  greyish- 
brown  spottings  and  cites  the  case  of  a  man  who  had  an  irregular 
scotoma,  which  had  the  same  pattern  as  the  pigmented  area  of  the 
retina.  The  scotoma  disappeared  in  the  course  of  about  tliree  weeks, 
but  the  pigmentation  persisted. 

Lister  further  noticed  that  in  the  late  stages  of  commotio  retiuEe, 
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Avlien  the  white  haze  has  disappeared,  for  several  disc  diameters 
round  the  macula  the  retina  may  have  a  peculiar  striated  appear- 
ance, evanescent  in  character — that  is  to  say,  the  striaa  change  their 
position  "with  alteration  in  direction  of  illumination,  like  the  rippled- 
sea-sand  retina,  suggesting  that  the  retina  is  still  somewhat  swollen 
and  wrinkled. 

Where  the  fundus  has  been  "grossly  concussed,"  without  obscura- 
tion by  vitreous  hemorrhage  "in  the  earlj^  stages  there  are  wide- 
spread, rich  red  clouds  of  hemorrhage,  intersjDersed  with  gleaming 
white  patches,"  Avliich  represent  areas  of  coagulation  necrosis  from 
rupture  of  retinal  and  choroidal  vessels  and  which  gradually  be- 
come converted  into  fibrous  tissue.  Where  hemorrhage  has  occurred 
and  has  become  absorbed  retinal  lesions  and  choroidal  ruptures  are 
frequently  revealed.  We  find  not  only  the  usual  creseentic  type 
situated  near  to  and  concentric  with  a  disc,  but  occasionally  others 
are  seen  radial  to  the  disc  and  usually  more  peripheral.  In  addition 
we  frequently  meet  with  more  or  less  stellate  ruptures,  both  adjacent 
to  the  part  of  the  globe  struck  and  also  at  the  macula. 

de  Schweinitz  (q.  v.)  summarizing  our  knowledge  of  these  chorio- 
retinal lesions  remarks  that:  "Lacerations  of  the  choroid  and  retina, 
or  of  their  vessels,  or  of  both,  followed  by  hemorrhage  beneath  the 
retina  and  into  the  vitreous,  are  common.  They  depend  in  part  upon 
stretching  of  these  membranes  by  the  vibrations  in  the  vitreous. 
They  are  frequently  placed  at  the  posterior  pole  of  the  eye  and  near 
the  papilla.  These  situations  are  peculiarly  liable,  according  to  some 
observers,  probably  because  the  sclera,  thicker  around  the  entrance 
of  the  optic  nerve  than  elsewhere,  does  not  readily  stretch.  Its  re- 
sistance in  this  regard  causes  the  effect  of  the  force  to  be  more  potent 
on  the  tissue  just  in  front  of  it.  Accumulation  of  transuded  serum 
and  of  hemorrhage  between  the  choroid  and  retina,  and  between  the 
choroid  and  sclera,  may  cause  detachment  of  the  retina  and  of  the 
choroid. 

"The  lesions  just  recited  are  primary,  whether  due  to  concussion, 
contusion,  or  impact.  They  naturally  lead  to  the  secondary  lesions, 
the  most  important  being  atrophic  chorio-retinitis  (spots  of  atrophy, 
exposed  scleral  areas  and  pigment  distribution,  heaping  and  fring- 
ing), and  proliferating  chorioretinitis.  If  the  extravasations  on  the 
retina  and  choroid  are  absorbed,  many  of  the  well-known  appear- 
ances of  pigmented  atrophic  chorioretinitis  are  evolved,  though  fre- 
quently its  elaboration  is  most  extensive,  especially  in  fan-shaped, 
pigmented  granular  areas.    Morax  and  Moreau,  in  fact,  contend  that 
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many  of  the  appai-eut  choroidal  ruptures  are  but  zoues  of  depig- 
mentation. Blood  may  escape,  and  often  does,  into  the  vitreous  and 
be  absorbed,  leaving  all  manner  of  opacities  in  i1s  place. 

"This  chorioretinitis  prolifcrans  is  cssciil  iaily  a  cicatricial  piMcess; 
there  is  organization  of  hemorrhage,  but  this  is  of  less  importance 
than  its  iri'itating  effect  on  tlie  connective  tissue  of  the  retinochoroidal 
layers,  inciting  the  active  proliferation  and  the  formation  of  tracts, 
areas  and  masses  of  fibrous  tissue.  Tlic  ^vhole  i:)rocess  and  picture 
ditfer  materially  from  the  so-called  proliferating  retinitis  of  recur- 
ring hemorrhages  in  the  vitreous  and  retina,  especially  in  young 
subjects,  often  noted  in  civilian  practice.  In  the  type  which  follows 
war  injuries  the  retina  and  choroid  have  been  ruptured,  and  the 
cicatricial  process  leads  rather  to  a  pinning  down  of  the  retina  by 
opaque,  plastic-looking  material  than  to  its  detachment,  so  frecpient 
in  the  ordinary  variety,  in  which  the  proliferation  arises  from  extra- 
vasated  blood,  and  the  numerous  membranes,  following  the  vessels, 
often  partly  translucent,  protrude  freely  into  the  vitreous." 

Lagrange  (q.  v.)  gives  the  following  tab^>  of  cliief  difit'erential 
diagnostic  points : 

COMPARATIVE    TABLE    SHOWING    THE    DIFFERENCE    BETWEEN    THE    CLASSICAL 
PROLIFERATING    RETINITIS    AND    TRAUMATIC    PROLIFERATING    RETINITIS. 

Classical  proliferating  retinitis  is  Traumatic    proliferating    chorio- 

produced    by    organization    of  i-etinitis  is  ahvays  consecutive 

the  extravasated  blood.    It  may  to  a  hemoi-rhage  and  to  a  rup- 

exist    Avithout    foregoing    hem-  tnrc  of  the  inner  membranes. 

orrhage. 

JMembranes  with  numerous  proc-  l^^ibrous  patch  of  a  more  regular 

esses;    appearance    of    a    cob-  thickness. 

Aveb  covering  a  large  extension 

of  the  fundus, 

^lembranes  translucent  at  certain  ()|)a(pu>  everywhere. 

points. 

Protuberances    ending    freely    in  Simj^le  proximity  to  the  vitreous. 

the  vitreous. 

Pedicles,    polymorphous    masses,  Smooth  and  even  surface  without 

irregular     surface,     marked  marked  prominence. 

prominence. 

Is    located    in    any    part    of   the  Mucli  more  frequent  in  the  maen- 

retina.  la,    and    disc    and    adjoining 

parts. 
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Foci  of  pigmentation  rather  fre-  Foci  of  pigmentation  very  fre- 
quent, quent. 

Is  often  eoraplieated  by  retinal  Not  accompanied  by  detachment 
delachnieiit  pi-oduced  hy  trao-  folhiwing  the  \)roliferation  ;  on 

tion  of  bands.  tin-   conlrary  tliis   hitter  l)inds 

tlie  reliiKi  to  tlie  clioroid. 

Lagrange  readies  tlie  general  and  ])(issibly  not  fully  establislied 
eonelnsion  that  "Lesions  by  coniMission  are  choroidal  lesions,  tliose 
by  contact  are  ehorio-retinal.'" 

Lagrange  {Lcs  Fracfurrs  dc  J'Orbiic  par  Frojeciilfs  de  Guerre, 
1917)  has  introduced  a  novelty  in  the  treatment  of  retinal  detaeh- 
mr>iit  in  the  form  of  "comatage,"  which  consists  of  dissection  of 
the  conjunctiva  fi-om  its  position  over  the  entire  ciliary  region  be- 
tween the  insertion  of  the  recti,  with  cauterization  of  all  of  the  region 
of  Schlenim's  canal.  By  this  means  the  filtration  spaces  in  this 
region  are  ol)l iterated.  As  all  sorts  of  experimental  glaucoma  may 
be  })rodnced  by  this  procedure,  it  is  clearly  indicated  in  hypotonic, 
relaxed  eyes  only,  there  being  no  change  from  the  accepted  methods 
of  treating  other  forms  of  retinal  detachment.  (Complete  reattach- 
ment occurred  in  :'  cases  out  of  185  so  treated,  wliile  8  showed  im- 
provement. 

Obviously  the  merits  of  this  procedui-e  are  still  >^uh  judicc. 

In  concussion-contusion  injuries  of  the  eye  "holes  at  the  macula" 
have  been  noted  by  many  observers.  These  are  like  floating  detach- 
ment of  the  i-etina,  are  said  by  Lister  to  be  less  often  seen  in  military 
injuries  than  in  civil  experience,  the  intense  concentrated  military 
traumas  causing  severe  concussion  changes  rather  than  the  less  com- 
plicated detachments  and  simple  tears. 

The  experience  of  American  ophthalmic  surgeons  is  opposed  to 
that  of  Lister,  in  that  de  Schweinitz,  Derby  and  Edward  Jackson 
have  all  remarked  the  surprising  frequency  with  Avhicli  this  unfoi-- 
tnnate  injury  complicates  severe  concussion  injuries,  de  Schweinitz 
found  five  typical  cases  in  26  concussion  injuries  of  this  sort,  and 
Jackson  shows  that  holes  in  the  macula  in  civil  iuiuries  arc  much 
more  frequent  than  the  published  literature  would  lead  us  to  assume. 

Lagrange  and  others  have  noted  that  central  vision  is  at  times 
lost  without  visible  lesions  in  the  macula.  Such  cases  must  not  b(> 
considered  as  malingerers  and  the  central  scotoma  which  they  ex- 
hibit must  be  explained  as  due  to  disorders  more  delicate  than  can 
be  revealed  by  the   ophthalmoscope.     It  has  been   suggested  that    a 
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finer  examination  in  such  eases  might  reveal  indistinct  macular  stip- 
pling or  fine  choroidal  tears  as  the  source  of  the  visual  deficit. 

Treacher  Collins  (Tr.  Ophih.  Soc.  U.  Kingdom,  Yol.  XXXVII,  p. 
112)  concludes  from  the  histological  examination  of  an  eye  enucle- 
ated for  subchoroidal  hemorrhage  after  a  shrapnel  Avound,  that  it 
seems  highly  probable  that  both  retinal  commotion  and  macular  holes 
may  result  from  a  temporary  ischemia  of  the  choroid  due  to  com- 
pression of  that  membrane  by  subchoroidal  hemorrhage.  Cases  of 
pigmentation  of  the  retina  following  concussion  injuries  of  the  eye 
have  been  frequently  recorded  either  in  the  form  of  dots  or  network. 
Similar  ocular  effects  might  conceivably  be  due  to  traumatic  rup- 
ture of  the  ciliary  arteries  but  of  this  there  is  no  pathological  evi- 
dence adduced. 

When  the  commotio  retina  has  passed  away  after  a  more  forcible 
contusion  than  gives  rise  to  simple  retinal  edema  of  Berlin,  pigmen- 
tary disturbances  of  a  varying  degree  commonly  appear  at  the  mac- 
ula and  may  be  associated  with  permanent  impairment  of  vision. 
Haab  (Encyclopedia  Franc.  d'OpJital.,  p.  674)  met  with  this  con- 
dition in  80  out  of  29,437  patients.  Haab  states  that:  "The  mottling 
and  pigmentation  are  very  often  insignificant,  especially  in  the  be- 
ginning, or  may  be  replaced  by  more  distinct  pale  patches."  Some- 
times there  is  only  slight  separation  of  the  pigment  confined  to  a 
small  portion  of  the  foveal  region,  such  as  occurs  in  myopic  or  senile 
macular  disease,  while  in  other  cases  it  appears  in  coarse,  irregular 
patches,  fine,  pepper-like  deposits  or  in  corpuscle  forms.  Colin  sug- 
gests that  such  pigmentary  changes,  like  such  changes  elsewhere  in 
the  fundus  from  concussion,  may  spring  from  ischemias  due  to  sub- 
choroidal hemorrhage. 

Pigment  changes  have  been  noted  b}^  Whitehead  even  where  the 
ocular  injury  had  been  very  slight  and  superficial,  and  Cridland 
emphasizes  the  frequency  with  w^liich  fine  striation  of  the  macula  of 
the  "rising  sun"  type  followed  very  slight  blows  on  the  eye.  These 
were  noted  from  one  to  two  days  after  the  injury,  were  associated 
with  a  visual  reduction  to  6/9  or  6/12  Avhich  returned  to  normal  as 
the  striation  waned,  and  the  macula  became  normal  in  from  seven  to 
ten  days. 

Visual  effects  of  concussion.  Concussion  may  produce  a  profound 
impairment  of  vision  both  in  lowering  the  acuity  and  in  contracting 
the  field  of  vision.  In  the  majority  of  instances  great  improvement 
takes  place  in  the  early  weeks,  and  in  the  milder  cases  recovery  is 
complete,  both  in  field  and  acuity;  but  in  the  severe  cases  there  is 
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some  permanent  loss  of  field,  and  the  acuity  remains  persistently 
lowered. 

No  doubt  the  early  improvement  is  due  to  the  clearing  up  of  the 
commotio  and  the  superficial  hemorrhage  in  the  retina  and  also  the 
vitreous  hemorrhages ;  but  the  parts  of  the  fundus  where  large  inter- 
retinal  hemorrhages  or  coagulation  necrosis  have  occurred  never  re- 
(^over,  and  there  is  a  permanent  defect  in  the  field  corresponding 
closely  in  shape  with  the  disturbed  area  of  the  fundus. 

It  is  important  to  remember  that  in  severe  cases  of  commotio,  sight 
may  be  completelj'  lost  for  a  few  days — a  fact  which  may  be  of  the 
greatest  importance  in  deciding  the  fate  of  a  wounded  and  con- 
cussed eye. 

It  is  important  to  look  carefully  for  rupture  of  the  retinal  vessels. 
These  occasionally  occur  and  their  discovery  will  account  for  an 
otherwise  inexplicable  contraction  of  the  field  of  vision. 

Projectiles  involving  the  optic  nerve  behind  the  eyeball,  but  with- 
out contact  Avitli  the  globe,  may  produce  all  variations  of  partial  and 
complete  lacerations  of  the  nerve  in  its  intraocular  portion,  which 
appear  in  the  ophthalmoscopic  picture  as  partial  or  complete  evul- 
sions of  the  nerve.  The  trauma  is  followed  at  once  by  hemorrhage, 
and  after  its  absorption  in  the  incomplete  cases  an  irremediable 
atrophy  of  the  nerve  and  blindness  result. 

The  site  of  the  optic  nerve  head,  in  the  cases  of  total  evulsion,  is 
represented  by  a  deep  pit  or  "well,"  much  more  pronounced  than 
the  excavation  of  glaucoma,  in  which  appear  remains  of  the  rup- 
tured retinal  vessels  or  at  times  intact  retinal  vessels  and  which  in 
time  usually  fills  with  proliferating  connective  tissue  as  in  prolifer- 
ating retinitis. 

Jackson  (Anier.  Jovr.  Oplitli.,  Vol.  1,  p.  776)  in  an  interesting 
discussion  of  this  condition  quotes  Parsons'  statement  that  the  vessels 
refill  through  direct  and  indirect  cilioretinal  anastomosis  from  the 
anterior  and  posterior  ciliary  arteries. 

AYlien  the  injury  involves  the  optic  nerve  in  the  retro-bulbar  por- 
tion containing  the  central  vessels,  the  usual  result  is  ischemia  of 
the  central  artery  giving  the  picture  of  embolism.  Even  in  cases 
where  the  nerve  has  been  so  lightly  lacerated  that  the  retinal  circu- 
lation is  undisturbed  optic  atrophy  may  follow  the  injury,  while  this 
result  is  inevitable  with  the  more  marked  lesions.  Bayonets,  knives, 
sticks  and  shell  fragments  may  produce  these  lesions. 

Honutohia  of  the  sheaths  of  the  optic  nerve,  while  seldom  demon- 
strable clinically,  must  be  a  frequent  accompaniment  of  the  numer- 
ous  contusions   and   lacerations   which    the   optic   nerves   sustain   in 
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retrobulbar  iiijuries  by  bullets,  shrapnel,  balls  and  shell  fragments. 
Peripapillary  hemorrhage  is  rare  in  these  eases  but  the  elassical 
brownish  pigmented  ring  about  the  disc  appears  later  apparently  as 
the  result  of  the  migration  of  hemic  pigment,  and,  according  to 
Lagrange,  must  be  considered  always  as  a  sign  of  a  hematoma  of 
the  optic  nerve  of  old  standing.  Atrophy  of  the  nerve  usually  re- 
sults. 

The  ■'through-and-throngh''  wounds  and  the  obli(iue  unilateral 
wounds  which  give  rise  to  injuries  of  the  optic  nerve  in  the  orbit 
are  considered  by  Ormond  (({.  v.)  as  particularly  serious  in  their 
ultimate  results. 

In  the  majority  of  these  cases  the  bullets  traverse  the  skull  where 
the  bones  are  thinnest  and  the  air  cavities  most  numerous.  The 
exit  or  entranc^e  scar  is  usually  in  the  temporal  fossa  and  the  line 
of  passage  traverses  the  orbits,  posterior  ethmoidal  cells  and  the  mid- 
dle or  superior  meatus  of  the  nose.  Owing  to  the  proximity  of  this 
line  to  the  base  of  the  skull  and  the  not  infrequent  presence  of 
"starred"  fractures  there  is  no  doubt  that  such  wounds  are  far 
more  dangerous  to  life  than  almost  any  other  of  the  wounds  leading 
to  loss  of  sight.  Many  of  these  cases  succumb  to  cerebral  abscesses, 
meningitis  or  end  in  a  lunatic  asylum.  Ormond  recalls  several  cases 
where  cerebral  abscess  or  meningitis  caused  death  some  months  after 
injury  and  declares  that  these  wounds  are  potentially  graver  than 
their  appearance  would  indicate. 

As  to  the  treatment  of  the  concussion-contusion  i]i juries  of  the 
globe  de  Schweinitz  suggests  that  to  stimulate  the  absorption  of  extra- 
vasated  blood  and  exudation,  the  usiuil  alterative,  diaphoretic  and 
lymphagogue  remedies  (the  iodides,  sweats  and  dioniii),  may  be  tried, 
as  may  electricity,  especially  for  those  eyes  with  much  vitreous 
change.  Thyroid  extract  is  also  employed.  He  is  frankly  skeptical 
whether  remedial  agents  have  much  influence,  and  more  than  skep- 
tical as  to  the  value  of  subconjunctival  injections.  In  a  certain 
Jiumber  of  api)arently  severely  concussioned  eyes  after  long  periods 
of  time  tliere  has  occurred  notable  imi)rovement  in  vision. 

Ormond  (Abstr.  Arch.  Opldh.,  Sept..  1917,  p.  481)  states  that  the 
electric  coil  is  an  unexcelled  reliever  of  pain  in  such  conditions. 

R\i'pi lire  of  lltr  <tclcra  by  contact  injuries  may  occur  either  au- 
teriorly  or  posteriorly,  the  latter  as  a  consequence  of  the  passage  of  a 
missile  behind  the  globe,  and  peculiarly  a  military  lesion.  In  civil  ex- 
perience ruptures  of  the  sclera  center  just  above,  or  above  and  internal 
to  the  cornea,  Avhere  they  lie  about  3  mm.  from  the  limbus.  Similar 
.  tears  may  rarely   occur   in   liattle   injuries  1)ut   oilier   foi'uis   of  rujv 
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tui-e  unknown  in  civil  experience  usually  occur  here,  such  as  equa- 
torial tears,  radial  fissures,  or  large  stellate  ruptures  -which  melt  the 
globe  into  irregular  petals,  Y-and  T-shapcd  tears,  or  bursting  of 
the  cornea  forwards  with  extrusion  of  its  contents,  as  the  effect  of 
contact  of  the  missile  with  the  back  of  the  eye.  As  Lagrange  points 
out  with  emphasis,  there  is  a  marked  absence  of  partial  scleral  rup- 
tures produced  by  depression  of  the  equator.  The  projectiles  strik- 
ing the  eye  tangently  make  contact  lesions.  Some  contuse  the  eye 
directly,  others  destroy  it.  There  is  no  place  in  military  ophthal- 
mology for  scleral  ruptures  at  the  ciliar}'  region,  and  subconjunctival 
luxations  of  the  lens. 

The  sclera  is  sufficiently  elastic  to  permit  the  entrance  of  small 
foreign  bodies  without  rupture,  but  when  a  large  fragment  enters 
the  eye  in  front  at  high  speed  the  radial  ruptures  created  at  the 
point  of  impact  by  the  explosive  effect  which  ensues,  split  the  sclera 
into  petal-forms  which  often  extend  back  nearly  to  the  optic  nerve. 

The  speed  with  which  a  globe,  so  partially  eviscerated  and  frag- 
mented, is  covered  and  altogether  hidden  by  conjunctival  over- 
growth, is  worthy  of  remark,  and  early  in  the  war,  before  the  dan- 
gers of  retained  uvea  were  known  to  general  surgeons,  it  was  al- 
most a  rule  to  find  cases  of  direct  anterior  rupture  so  well  buried  by 
the  conjunctival  cover  that  the  com])lete  removal  of  the  fragments 
was  often  a  source  of  much  difficulty  and  patient  search. 

II.    OCULAR  INJURIES  FROM   PENETRATION.      INTRAOCULAR  FOREIGN   BODIES. 

Approximately  accurate  and  detailed  statistics  of  the  incidence  of 
the  various  types  of  military  eye  injuries  Avill  undoubtedly  be  avail- 
able at  no  distant  date,  but  statistics  of  results,  the  definite  means 
by  Avhicli  alone  modern  medical  and  surgical  conclusions  and  therapy 
are  infallibly  tested,  will  hardh'  be  gathered  and  refined  into  their 
final  terms  before  another  three  to  five  years. 

AVith  the  com])ilation  of  such  conclusive  data,  however,  the  (pies- 
tions  concerning  the  methods  of  treatment  of  foreign  bodies  in  the 
eyes,  Ihc  limits  of  safety  in  permitting  the  retention  of  such  foreigu 
l)cdies,  their  true  relation,  if  any,  to  sympathetic  ophthalmitis  and 
Ihe  bearing  of  early  enucleation  upon  Ihc  ])i'()blem  of  ocular  sym- 
pathetic lesions  should  be  closely  approaching  their  solution.  I'ntil 
such  facts  are  established  discussion  upon  these  points  must  remain 
largely  speculative  and  a  matter  of  individual  judgment  and  ex- 
perience. 

-Arilitnr\'  iuim-ics  of  ihc  eves  mid  orltils  nruduccd  b\-  foreign  Ixidies 
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differ  from  the  penetrating  and  perforating  injnries  of  civil  life  in 
the  multiplicity  or  duplication  of  their  lesions,  in  the  frequency  of 
non-magnetic  and  multiple  foreign  bodies,  in  the  common  occurrence 
of  extensive  associated  lacerations,  fractures  and  remote  complica- 
tions and,  finally,  and  perhaps  most  signally,  in  the  prevalence  of 
infection  introduced  into  eye  or  orbit  by  primary,  and  more  es- 
pecially by  secondary  missiles  such  as  manurial  earth  and  befouled 
defence  materials  of  every  conceivable  kind. 

Another  elementary  difference  appears  in  the  frequency  with 
which  operative  interference  in  these  cases  is  followed  by  the  light- 
ing up  of  active  infectious  processes  which  may  flame  into  a  pan- 
ophthalmitis with  enforced  evisceration  or  enucleation,  or  which 
attain  the  same  result  through  the  development  of  a  menacing, 
chronic,   plastic   irido-cyclitis. 

It  is  clear  therefore  why  the  treatment  of  military  ocular  and 
orbital  penetrations  by  foreign  bodies  is  not  as  satisfactory  as  that 
of  civil  penetrations  either  in  its  immediate  or  in  its  final  phases. 

As  nearly  as  can  be  ascertained  by  averaging  all  available  statis- 
tics, Avounds  of  the  head  make  up  about  10  per  cent,  of  all  operative 
cases  reaching  the  evacuation  hospitals,  wounds  of  the  brain  furnish- 
ing about  21  per  cent,  of  the  head  injuries  and  facial  wounds  in- 
cluding those  of  the  eyes  forming  about  45  per  cent.  The  character 
of  the  ground  being  fought  over  determines  the  proportion  which 
eye  injuries  bear  to  military  injuries  as  a  whole.  Lowenstein,  (Archiv. 
Ophth.,  Jan.,  1918,  p.  112)  shows  that,  while  wounds  of  the  eyes 
form  between  2  and  4  per  cent,  of  the  entire  wounds  in  battles  on 
plains  and  ,wooded  hills,  they  make  up  8  per  cent,  of  the  injuries 
in  Alpine  warfare,  where  70  per  cent,  of  the  eye  wounds  are  pene- 
trations by  fragments  of  stone,  as  opposed  to  20  to  50  per  cent,  of 
penetrations  seen  under  conditions  of  mobile  and  entrenched  war- 
fare. 

Frenkel  (Arch.  d'Opktal.,  Vol.  XXXVI,  p.  193,  1918)  discussing 
multiple  intraocular  foreign  bodies,  and  their  effect  upon  the  prog- 
nosis of  penetrating  injuries,  ascribes  to  this  source  the  frequency 
with  which  enucleation  becomes  necessary,  even  after  easy  and  seem- 
ingly successful  magnet  extraction.  To  determine  this  fact  he  made 
careful  radiographic  studies  of  100  enucleated  eyes  chosen  at  ran- 
dom, finding  foreign  bodies  in  59,  of  which  38  were  multiple,  one 
eye  containing  as  many  as  17  fragments  and  4  containing  metallic 
dust.  Most  of  these  bodies  were  so  small  that  their  extraction  was 
impossible  even  with  the  strongest  magnets  unless  by  chance  the 
magnet  came  very  close  to  them.     In  two  cases  there  remained  a 
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second  foreign  body  in  the  eye  after  the  first  liad  been  extracted 
with  the  magnet. 

As  Petit  shows,  {Year-Booh,  1916,  p.  359)  the  prognosis  of  foreign 
bodies  which  have  lodged  in  the  ciliary  region  is  especially  grave, 
and  he  has  -been  struck  by  the  number  of  such  missiles  found  in  eye- 
balls enucleated  for  unmanageab'e   iridocj^clitis. 

Bits  of  steel  fragments  of  shells,  grenades,  bombs  and  bullet-cas- 
ings make  from  40  to  60  per  cent,  of  the  intrao:'ular  foreign  bodies, 
the  remainder  consisting  of  copper  fragments,  nickel  bullet-casing, 
brass,  powder,  stone,  earth,  wood,  straw  and  glass.  The  investiga- 
tion of  Morax  and  Moreau  {Ann.  cVOcul.,  Aug.,  1916)  into  the  na- 
ture of  the  injuries  caused  by  the  different  varieties  of  projectiles 
showed  that  54  per  cent,  of  the  ocular  injuries  from  fragments  of 
shells  were  caused  by  small  fragments  capable  of  having  been  stopped 
by  as  filmy  a  protection  as  that  given  by  a  gauze  shield,  which  might 
stop  spent  or  nearly  spent  fragments  of  medium  size. 

Small  fragments  rarely  penetrate  deeply  into  the  orbit  as  they  ex- 
pend their  energy  in  piercing  the  lid  and  sclera  and  usually  lodge  in 
the  globe  vvhere,  according  to  Whitehead,  about  75  per  cent,  of  all 
intraocular  foreign  bodies  come  to  rest  in  the  vitreous.  In  many 
cases  of  injury  by  rifle  and  machine-gun  bullets  the  projectiles  split 
into  a  multitude  of  tiny  metallic  fragments,  a  metallic  dust,  in  fact, 
which  tattoos  the  face,  the  conjunctiva  and  the  cornea  and  even  may 
have  sufficient  energy  to  penetrate  to  the  depth  of  the  lens  and  thus 
induce  traumatic  cataract,  or  rarely  lodge  as  deep  as  the  vitreous. 
In  Hertel's  series  of  242  cases  of  intraocular  foreign  bodies  both  eyes 
were  struck  in  21  per  cent,  and  not  rarely  several  fragments  lodged 
in  one  eye.  The  frank  hemorrhages,  the  common  occurrence  of  wounds 
of  entrance  through  the  closed  lids  with  associated  defects  of  the 
orbital  margins,  the  frequency  of  doub^.e  perforations  and  the  pene- 
tration of  particles  as  minute  as  0.002  gm.  into  the  posterior  segment 
attest  the  usual  great  force  of  the  impact. 

From  the  view-point  of  prevention  of  ocular  lesions  by  small  for- 
eign bodies  Cruise  (Tr.  Ophth.  Soc.  V.  Kingdom,  Vol.  XXXVII,  p. 
176)  divides  eye  injuries  into  (a)  the  non-preventable,  such  as  most 
injuries  by  bullets  and  the  larger  fragments  of  shells  and  casing,  and 
(b)  that  large  class  of  cases  in  which  it  is  clear  from  the  nature  of 
llie  duinago  lliat  it  was  preventable.  In  su<'li  a  group  fall  those  cases 
oi"  simple  bulbar  jK-nctration,  eonioal  alirasion  and  bulltai'  contusion 
with  its  varied  picture  of  lenticular  dislocation,  traumatic  cataract, 
intraocular  hemori'hagc  and  chorio-retinal  lesions.  The  work  of 
Cruise  and  otliei-s  to  tlie  end  of  ])rcv('nling  tlie^e  injui'ics.  minor  as  to 
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tlie  force  of  the  blow  but  of  gravest  importance  in  terms  of  vision 
or  even  life,  is  worthy  of  the  highest  connnendation. 

Cruise,  examining  100  eases  of  blinded  men  at  St.  Dunstan's,  found 

that  even  with  rigorous  exclusion  52  per  cent,  of  these  blinded  eyes 

were  the  result  of  being  hit  by  small  missiles  of  low  energy  and  easily 

preventable.     Preventable  eye  casualties  made  up  65  per  cent,  of  the 

■     cases  in  the  3rd  London  General  Hospital. 

As  a  means  of  prevention  of  such  needless  injuries  Cruise  devised 
a,  chain  mail  visor  consisting  of  a  transparent  mesh  of  steel  rings,  so 
closely  Ibikcd  together  that  only  the  most  minute  particles  could  pass 
through  its  meshes  and  then  only  it:  impinging  at  right  angles  to  the 
plane  of  its  surface;  a  tangential  blow  would  meet  with  a  practically 
continuous  barrier  of  steel. 

The  visor  is  fixed  to  the  helmet  and  is  therefore  not  a  separate  article 
of  equipment  to  l)e  remembered  and  attached  to  an  already  overloaded 
body.  AVhen  not  required  it  can  be  throwai  uj)  on  to  the  brim  of  the 
helmet.  The  links  have  been  rendered  rust-proof  chemically.  It  is 
said  that  soldiers  did  not  take  kindly  to  the  use  of  this  visor. 

De  Ijapersonne's  suggestion  of  closely  woven  wire  grating,  lined 
with  a  leaf  of  cellophane,  Giusseppi's  and  Richardson's  application 
of  the  steno])eic  slit,  both  ti'ansverse  and  slanting,  and  the  non-shatter- 
ing triplex  glass,  made  of  two  layers  of  glass  with  a  middle  layer  of 
zylonite  have  been  used  with  such  success  as  W'ar  glasses  for  pro- 
tective purposes  and  in  aviation  as  to  warrant  continued  effort  in  this 
direction. 

De  Lapersonne  (Arcli.  d'OphtaJ.,  May- June,  1916)  found  about  20 
per  cent,  of  penetrating  injuries  of  the  eyes  among  1,000  wounded  sol- 
diers with  complicating  traumatic  cataract  in  36  per  cent,  of  cases, 
with  preservation  of  vision  from  2/3  to  1/20 ;  slight  iridocyclitis  in 
16  per  cent.,  with  vision  from  2/3  to  1/20;  and  complete  loss  of  the 
eye  from  iridocyclitis,  in  47  per  cent.  Half  of  the  cases  of  bilateral 
blindness  had  multiple  penetratijig  wounds  with  small  foreign  bodies 
in  each  eye,  the  wounds  ending  in  ])ilateral  iridocyclitis.  The  corneal 
wounds  were  rairly  clean  cut,  as  in  industrial  injuries,  and  it  was 
sometimes  difficult  to  decide  whether  the  perforations  were  single, 
nHiMi])!e  or  whether  there  had  been  perforation  at  all.  Prolapse  of 
the  iris,  lens  or  organized  vitreous  were  not  rare  complications.  In 
])erforating  scleral  wounds  the  wound  of  entrance  was  often  concealed 
by  chcmosis  or  conjunctival  injection  and  diagnosis  was  made  by  the 
diminished  tension  and  a  narrow  anterior  chamber.  Lowered  tension 
and  an  anterior  dislocation  of  the  lens  system,  as  show'U  by  Collins, 
may,  however,  be  the  result  of  hypotony  following  contusion  and  in 
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such  cases  the  use  of  the  magnet  or  sideroscope,  of  the  ophthalmoscope 
and  of  stereoradioscopy,  are  the  final  arbiters  of  the  existence  of  for- 
eign bodies  within  the  eye  although  in  an  unconscionable  number  of 
cases  even  these  diagnostic  aids  have  failed.  Careful  stereoradioscopy 
and  magnet  testing  done  as  a  routine  in  all  cases  of  eye  injuries  when 
the  stress  of  battle  permits  has  shown  the  unexi^ected  presence  of 
foreign  bodies  in  the  eye  and  orbit  with  surprising  frequency  and  this 
procedure  has  further  been  of  unexpected  value  in  demonstrating  at 
times  that  foreign  bodies,  presumably  orbital,  had  really  entered  the 
cranial  cavity.  Additional  symptomatic  aids  in  localization  are  given 
at  times  when  the  concurrence  of  proptosis,  chemosis  and  limitation  of 
motion  suggest  the  presence  of  a  foreign  body  in  the  orbit.  As  is  well 
known,  loss  of  tension  in  association  with  a  wound  in  the  sclera  or 
cornea  by  no  means  assures  the  presence  of  a  foreign  body  within  the 
eye,  as  it  may  have  perforated  the  posterior  coats  and  lodged  in  an 
extraocular  though  intraorbital  position.  In  these  cases  the  presence 
of  a  small  degree  of  exophthalmus  is  often  definite. 

While  the  results  of  ocular  penetrations  by  foreign  bodies  depend  in 
large  measure  upon  the  degree  of  damage  done  to  the  interior  of  the 
eye  and  upon  the  generation  or  prevention  of  infection,  it  is  almost 
trite  to  say  that,  in  general  the  best  results  are  obtained  where  the 
basic  advantages  of  immediate  diagnosis  and  prompt  extraction,  when 
possible,  can  be  employed.  Thus  of  the  252  cases  of  ocular  trauma 
tabulated  by  Uhthoff  early  in  the  war  (Year  Book,  1916,  p.  360)  the 
majority  of  the  deep  perforating  injuries  were  lost,  although  success- 
ful extraction  of  the  foreign  bodies  saved  a  few.  Opposed  to  this  are 
the  later  optimistic  statistics  of  Duverger  (Ann.  d'Ocul.,  cliv,  10) 
who,  with  the  advantages  of  quick  transportation  of  the  wounded  and 
ample  initiative  and  facilities,  lost  but  ten  eyes  out  of  100  such  per- 
forations. It  is  of  particular  importance  that  operative  extraction  be 
attempted  before  exudate  can  form  around  the  foreign  body  and 
gravely  complicate  its  removal. 

Krusius  (Abstr.  Arch.  Ophth.,  Nov.,  1917,  pp.  593-4)  dealing  with 
tlie  plastic  covering  of  penetrating  corneal  and  scleral  wounds  in 
order  to  prevent  infection  from  without  after  the  injury  or  after  the 
extraction  of  a  foreign  body,  a  method  widely  advocated  and  fairly 
generally  used  by  military  ophthalmologists  during  this  war,  employed 
the  method  in  34  cases  in  which  there  appeared  to  be  no  infection  and 
no  foreign  body  remaining.  Sixty-two  per  cent,  of  these  were  scleral 
wounds,  30  per  cent,  corneo-scleral  and  8  per  cent,  limited  to  the 
cornea.  No  case  developed  infection  and  the  final  result  was  an  un- 
irritated  and  seeing  eve  in  31  of  the  cases,  3  eyes  remaining  blind. 
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vision  of  less  than  1/10  in  9  and  better  than  1/10  in  22.  Four  of 
these  eyes  were  enucleated  later  as  a  measure  of  prevention  against 
sympathetic  ophthalmitis.  Before  the  plastic  covering  of  the  wound 
in  27  of  these  cases  successful  extraction  of  brass  or  copper  had  oc- 
curred in  3  and  iron  had  been  removed  from  24. 

In  Krusius'  second  group,  consisting  of  13  cases  of  plastic  covering 
of  wounded  eyes,  still  able  to  see  but  all  containing  foreign  bodies,  and 
some  of  them  infected,  whose  extraction  had  been  attempted  unsuc- 
cessfull}',  infection  was  inhibited  or  prevented  in  12,  one  case  going 
on  to  evisceration  for  panophthalmitis.  In  8,  signs  of  irritation  per- 
sisted, while  in  4,  one  of  which  contained  brass  and  3  Mith  particles 
of  stone,  vision  was  preserved  with  a  painless  eye. 

The  immediate  results  in  the  third  group  of  18  cases  of  plastic  cover- 
ing of  disorganized  yet  not  blind  eyes  which  retained  their  form  were 
prevention  of  infection  in  16  and  panophthalmitis  in  3.  Eleven  of 
these  finalh^  retained  light  perception,  four  had  unirritated  blind 
stumps  and  3  came  to  evisceration. 

This  method  attains  special  value  after  excision  of  prolapse  of  the 
iris  which  so  frequently  accompanies  penetrating  wounds  of  the  an- 
terior segment.  Here,  as  Ramsay  suggests  (Brit.  Jour.  Ophthal.,  Nov., 
1918,  p.  554)  ''After  the  parts  have  been  carefully'  dried,  a  coating 
of  paraffin  is  applied  to  seal  the  edges  of  the  flap  to  the  cornea  and 
give  additional  protection  to  the  wound ;  the  paraiftn  employed  is  a 
substitute  for  ambrin  and  is  known  as  No.  7 ;  it  is  non-irritating  to  the 
eye  and  is  readily  applied  in  the  liquid  state  b}^  a  medium-sized  camel- 
hair  brush;  it  becomes  solid  almost  immediately. 

"When  the  wound  implicates  the  sclera  as  well  as  the  cornea  and  the 
prolapse  includes  the  ciliary  body  and  cornea  as  well  as  the  iris,  with 
loss  of  vitreous,  no  speculum  should  be  employed  but  the  upper  lid 
held  back  with  retractor  or  strabismus  hook.  The  bulbar  conjunc- 
tiva should  be  separated  from  the  posterior  lip  of  the  wound,  and 
undermined  freely  for  a  considerable  distance  around  the  seat  of 
injury.  The  whole  of  the  prolapsed  uvea  must  now  be  carefully  ex- 
cised, and  the  lips  of  the  wound  approximated  by  drawing  the  con- 
junctiva over  the  cornea  like  an  apron,  and  fixing  it  securely  in  its 
new  position  by  as  many  sutures  as  may  be  required— the  fewer,  how- 
ever, the  better.     No  attempt  ought  to  be  made  to  stitch  the  sclera." 

Ramsay,  considering  the  treatment  of  prolapse  following  penetrat- 
ing wounds  which  has  existed  several  days,  ))oints  out  the  necessity 
of  breaking  down  adhesions  and  the  difficulties  connected  with  such 
separation,  and  also  the  necessity  for  avoiding  the  entrance  of  sepsis 
i]]to  the  interior  of  the  globe.    AVhcn  the  prolapse  is  small,  it  may  be 
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wisest  to  leave  it  alone  although  the  subsequent  danger  of  seeoudary 
glaucoma  and  the  liability  to  future  infection  must  be  remembered; 
on  this  account  it  is  advised  to  deal  surgically  with  such  prolapses, 
if  prudent  to  do  so,  by  separating  the  iris  from  the  lips  of  the  wound 
and  excising  and  then  removing  any  tags  of  iris  tissue  left  behind  with 
fine  forceps  or  scissors.  If  the  edges  of  the  wound  show  signs  of  septic 
infection  the}'  should  be  touched  with  the  galvanocautery,  and  after- 
wards covered  with  a  conjunctival  flap.  In  such  cases,  the  writer  is 
in  the  habit  of  giving  4,000  units  of  antidiphtheritie  serum  subcutane- 
ously  and  a  second  dose  of  half  this  amount  twelve  hours  afterwards ; 
he  has  seen  favorable  results  following  the  use  of  serum  and  advises 
its  use  confidently  in  all  cases  where  the  eyeball  is  infected.  The  use 
of  massive  subconjunctival  injections  of  cyanide  of  mercur^^  in 
strengths  up  to  1-1500  is  also  to  be  urged  here,  as  in  all  penetrating 
injuries  of  doubtful  progress  and  especially  where  infection  is  be- 
ginning. 

Kuhnt  states  that  in  penetrating  injuries  painstaking  examination 
of  the  wound  canal  should  assure  the  removal  of  all  infiltrations,  shreds 
of  the  edges  of  the  wound,  enclosures  or  incarcerations  of  other  mem- 
branes b}'  knife,  scissors  or  galvanocaustic  wire. 

If  perforation  has  taken  place  in  an  approximately  straight  line,  a 
correspondingly  shaped  flap  should  be  used  as  covering.  But  if  it  is 
angular  or  there  is  a  triangular  or  irregularly  shaped  tear,  so  that 
after  trimming  the  edges  these  cannot  be  closely  approximated,  then 
it  is  advisable  to  incise  the  conjunctiva  in  the  whole  circumference 
of  the  cornea  and  at  the  limbus.  It  is  then  loosened  about  1  to  2  cm. 
toward  the  equator,  drawn  over  the  cornea  in  a  direction  perpendicular 
to  the  perforation  and  sutured.  The  elastic  conjunctiva  will  mechanic- 
ally effect  a  more  ideal  union  of  the  edges  of  the  wound  than  could 
be  accomplished  with  sutures,  which  are  besides  always  extremely  dif- 
ficult to  make.  Only  in  those  cases  in  which  a  narrow  flap  in  the  form 
of  an  acute  angle  has  been  torn  out  of  the  cornea  or  sclera  should  the 
tip  of  the  flap  be  secured  with  one  thin  suture  with  catgut,  as  other- 
wise it  might  be  pushed  back  into  the  anterior  chamber.  This  employ- 
ment of  conjunctiva  is  median ieally  antiseptic,  since  it  not  onlj'  ex- 
cludes later  ectogenous  infection  but  also  furnishes  the  best  covering 
for  the  wound. 

In  war  wounds  the  fraying,  swelling  or  infiltration  of  the  edges  of 
the  wounds  frequently  necessitates  trimming  or  cauterization,  es- 
pecially of  the  anterior  edge.  In  these  cases  a  small  pedunculated  or 
non-pedunculated  flap  must  be  placed  in  the  hollow  before  the  conjunc- 
tiva is  drawn  over;  and  furthermore  relaxing  incisions  must  be  made 
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to  prevent  a  too  strenuous  mechanical  action,  as  otherwise  a  lasting 
flatness  of  the  cornea  might  easily  result. 

Simultaneous  injuries  to  lens  or  vitreous  are  of  course  treated  at  the 
same  time  according  to  the  individual  nature  of  the  case.  On  the 
Avhole,  plastic  closure  of  the  wound  is  sufficient  in  cases  of  traumatic 
cataract.  Only  when  there  is  marked  lenticular  swelling  present  or 
to  be  feared,  or  when  this  swelling  causes  pain  or  intense  irritation 
of  the  anterior  vascular  trunk,  does  one  proceed  to  iridectomy,  or  if 
need  be  to  extraction  either  through  the  preformed  wound  or  through 
a  special  incision. 

In  cases  of  penetrating  wounds  of  the  sclera  it  is  absolutel}^  necessary 
to  smooth  off  the  edges  of  the  wound  and  to  remove  with  deep  in- 
cision the  prolapsed  vitreous,  following  that,  if  necessary,  with  the  gal- 
vanic wire  cautery.  After  removal  or  reposition  of  the  prolapsed 
uvea,  the  closing  sutures  should  be  placed  through  the  whole  thickness 
of  the  lips  of  the  wound  in  the  sclera,  and  not  only  through  the  outer 
edges. 

Kuhnt  states  that  his  experience  in  more  than  2500  cases  justifies 
him  in  advising  that  an  attempt  with  this  operation  should  be  made 
in  every  case  in  which  it  is  not  probable  that  infection  has  already 
taken  place  or  in  wliich  unalterable  pathologic  changes  are  not  to  be 
assumed.  If  the  case  does  not  improve  very  soon,  Kuhnt  does  not  ob- 
stinately insist  on  the  preservation  of  the  frequently  very  slight  power 
of  sight  or  of  the  form  of  the  eyeball,  but  employs  timely  measures  for 
the  prevention  of  sympathetic  ophthalmia. 

Aside  from  its  obvious  value  in  the  prevention  of  extraneous  infec- 
tion after  wounding  or  operative  extraction,  the  use  of  this  method 
has  the  further  great  advantage  of  rendering  the  wounded  man  fit  for 
transportation.  Undoubtedly  many  eyes  so  treated  will  have  to  be  re- 
moved later  but  many  others  will  be  saved  and  with  practical  vision 
resulting  even  in  cases  usually  considered  beyond  repair. 

In  the  treatment  of  intraocular  foreign  bodies  of  military  origin  the 
generally  adopted  routine  use  of  the  X-ra^-  for  diagnosis  and  localiza- 
tion is  often  prevented  b^'  the  tremendous  pressure  put  upon  the  X-ray 
service  in  times  of  active  action  wlien  practically  every  surgical  case 
reaching  the  hospital  has  to  be  radiographed.  It  is  naturally  often 
impossible  to  hold  men  with  such  injuries  where  space  is  urgently 
needed  for  an  ever-rising  stream  of  gravely  wounded,  non-ambula- 
tory cases  and  under  these  conditions  it  is  better  practice  to  dispense 
with  accurate  localization  and  to  use  the  magnet  for  diagnosis  and 
approximate  localization.  This  is  most  safely  done  by  applying  the 
small  magnet  about  the  equatorial  region  of  the  strongly  rotated  eye- 
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ball.  The  presence  of  a  magnetic  intraocular  foreign  bodj-  even  if 
quite  small  is  almost  unfailingly  sensed  by  the  patient  as  a  slight  pull, 
at  times  as  a  slight  ache  or  pain  and  again  merely  as  a  feeling  which 
is  incapable  of  description  but  which  is,  nevertheless  a  novel  and  local- 
ized sensation.  The  use  of  the  giant  magnet  for  diagnosis  may,  in 
some  cases,  be  decidedly  painful,  one  of  mj-  cases  describing  his  sen- 
sation as  that  of  "trying  to  pull  my  head  off  while  ni}^  eye  was  filled 
with  painful  flashes  of  blinding  purple  and  blue  light." 

Of  course  where  the  eyeball  presents  a  wound  of  entrance,  applica 
tion  of  the  magnet  to  this  Avound  is  usually  sufifieient  to  establish  the 
diagnosis  and  often  to  deliver  the  foreign  bodj^  or  bodies.  Some  men 
have  become  so  skilled  in  the  use  and  interpretation  of  the  magnet 
that  they  feel  they  can  make  fairly  accurate  localization  by  means 
of  a  small  magnet  placed  on  the  sclera. 

The  question  as  to  the  advantages  of  the  anterior  or  of  the  scleral 
route  of  extracting  intracular  foreign  bodies  of  military  origin  is 
made  decidedly  less  controversial  by  the  large  proportion  of  non- 
mag]ietic  missiles,  which  naturally  make  magnet  extractions  less  suc- 
cessful in  war  than  in  peace  and  which  furnish  no  great  justifica- 
tion for  uncertain  "fishing"  in  the  posterior  segment  of  the  eye 
through  a  scleral  incision,  unless  by  rare  chance  the  missile  remains  in 
ophthalmoscopic  view. 

The  bulk  of  opinion  among  the  observers  from  all  the  countries  en- 
gaged in  the  war  is  that  the  route  of  election  in  magnet  extraction 
of  foreign  bodies  situated  back  of  the  iris  and  lens  is  by  the  anterior 
route;  in  all  eases  where  the  anterior  segment  has  been  penetrated. 
Where  the  anterior  segment  is  intact  and  uninjured  there  is  a  begin- 
ning and  decided  diversity'  of  opinion  as  to  the  method  of  attack,  the 
majority  of  the  English  and  German  operators  holding  that  the  an- 
terior route  should  be  used  even  under  sxu-h  conditions  and  despite  the 
injury  to  a  normal  lens  and  iris  which  at  times  results  with  unusually 
uneven,  spiculatcd  or  large  foreign  bodies  or  those  which  mechanically 
are  intractable  for  no  apparent  reason.  ]\rany  of  the  French  and 
American  ophthalmic  surgeons  believe  that  with  the  esta1)lished  pres- 
ence of  a  magnetic  foreign  body  in  the  posterior  segment,  extraction 
through  a  posterior  sclerotomy  can  be  done  with  reasonable  safety, 
with  a  large  percentage  of  eyes  saved,  better  visual  acuity  and  a  de- 
cidedly shorter  convalescence. 

American  ophthalmologists  iji  particular  incline  \o  llie  bt^lief  that 
the  fears  of  complicating  chorio-retinal  hemorrhage  and  of  late  retinal 
detachment  as  a  direct  consequence  of  operations  by  the  scleral  route 
are  larg^elv  theoretical  and  that  ITartridge's  gloomy  forebodings  that 
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•"the  majority  of  cases  in  wliieh  a  foreign  body  is  removed  from  the 
back  of  the  eye  through  the  vitreous  end  in  retinal  detachment"  are 
hardly  justified  by  the  facts.  The  explanation  of  the  retinal  detach- 
ments which  follow  anterior,  no  less  than  posterior  extractions  in  many 
eases,  is,  in  fact,  strikingly  shown  by  Lister  in  his  studies  of  the 
vitreous  changes  set  up  by  foreign  bodies,  to  be  largely  the  effect  of 
the  organization  and  contracture  of  recent  exudate  along  the  path  of 
the  foreign  body.  It  is,  of  course,  true  that  hemorrhage  into  the  vitreous 
with  late  organization  and  cont*raction  and  ultimate  retinal  detach- 
ment may  occur  in  that  particular  sequence  after  a  sclerotomy,  but 
obviously  the  likelihood  of  such  a  calamity  is  far  less  after  the  deli- 
cately performed  linear  incision,  close  to  the  site  of  the  foreign  body, 
than  when  compared  with  the  effects  of  the  original  trauma,  with  its 
frequently  severe  and  extensive  injury  to  the  inner  ocular  coats. 
Foreign  bodies  enmeshed  in  the  retina  by  exudate,  or  retained  there 
owing  to  raggedness  of  outline  are,  of  course,  equally  likely  to  end  in 
retinal  detachment  when  magnet  extraction  is  essayed  by  either  route. 
It  is  further  clear  that  a  nidus  of  infection  forming  about  a  foreign 
body  in  the  vitreous  is  much  more  susceptible  of  relief  through  the 
employment  of  the  posterior  route. 

In  anterior  extraction  the  foreign  body  is  usually  drawn  into  the 
lower  part  of  the  anterior  chamber  by  a  large  magnet  of  the  Haab, 
Volkman  or  large  Lancaster  type  and  is  removed  through  the  corneal 
incision  or  the  original  wound  of  entrance  in  the  cornea  by  means  of 
a  hand  magnet  of  the  Sweet-Parker,  Hertel  or  small  Lancaster  type. 
The  Mellinger  ring-magnet  has  been  satisfactorily  used  by  Butler  and 
by  Gibb,  Juler  and  Moore  {B.  J.  Ophth.,  Nov.,  1918,  p.  564).  The 
magnet  tip  is  not  inserted  into  the  anterior  chamber  save  when  the 
foreign  body  is  entangled  behind  the  iris.  Sometimes  repeated  ap- 
plications of  the  magnet  are  necessary  before  the  foreign  body  is 
shifted  into  a  position  more  favorable  for  extraction. 

Early  in  the  war  Lowenstein  utilized  the  fixed  magnet  from  the 
ignition-magneto  of  a  heavy  truck,  wdth  inverted  U-tips  attached,  for 
the  satisfactory  removal  of  magnetic  foreign  bodies.  Later  the  English 
and  French  found  that  a  motor  car  with  special  body  and  equipped 
wuth  a  dynamo,  run  by  the  engine,  so  that  a  giant  magnet  could  be 
carried  about  and  furnished  with  a  suitable  and  sufficiently  powerful 
electric  current,  was  very  useful.  Prior  to  the  cessation  of  hostilities, 
various  types  of  such  motor  cars  were  investigated  by  the  senior  con- 
sultant of  the  A.  E.  F.  with  the  intention  of  recommending  one  for 
the  medical  department ;  but  when  the  necessity  for  such  a  car  no 
longer  existed  the  project  was  abandoned.     The  urgency  of  such  a 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN    1374.:) 

portable  outfit  was  lessened  owing  to  the  fact  that  our  mobile  hos- 
pitals had  such  electric  current  producing  cars  or  had  portable  gaso- 
line driven  dynamos,  delivering  a  direct  current  suitable  for  the  mag- 
nets. Therefore,  magnet  equipments  were  placed  with  the  more  ad- 
vanced and  isolated  of  these  hospitals. 

Lc  Roy  Tliompson  reports  six  cases  of  penetrating  metallic  bodies 
which  resisted  magnet  extraction  and  which,  after  enucleation,  showed 
the  missiles  to  have  been  meshed  in  the  sclera,  where,  it  is  reasonable 
to  assume,  they  might  have  remained  innocuously,  if  not  accompanied 
by  infecting  material.  Hertel  (Heidelberg  Ophthal.  Congress,  1916, 
Abstr.  Ann.  Ophthal.,  Jan.,  1918,  p.  113)  ascribes  the  relatively  poorer 
results  of  attempted  magnet  extraction  of  metallic  foreign  bodies 
from  the  eye  in  military  injuries,  to  the  lateness  of  operation,  the 
greater  force  of  impact,  the  more  frequent  multiple  perforations  and 
to  the  feebly  magnetic  qualit.v  of  tlie  metal  owing  to  the  large  admix- 
ture of  phosphorus  and  manganese  with  the  steel.  He  notes  that  such 
admixtures  seem  to  favor  the  early  onset  of  siderosis.  He  reports 
about  30  per  cent,  of  failures  to  extract  metallic  foreign  bodies  by  the 
magnet. 

The  larger  intraocular  foreign  liodies,  if  magnetic,  are  generally  re- 
moved through  the  entrance  wound.  There  is  usually  little  hope  of 
saving  such  eyes  because  of  the  usual  hemorrhage  and  intraocular  dis- 
organization and  where  the  foreign  body  is  non-magnetic  the  usual 
practice  is  an  immediate  enucleation.  If  the  missile  can  be  extracted, 
however,  it  is  often  wiser  to  treat  the  case  expectantly  and  enucleate 
only  in  the  face  of  beginning  infection  or  persistent  irritation. 

Morax  (Ami.  d'Ocul.,  cliii,  10),  writing  on  the  prognosis  of  magnet 
extraction  in  59  cases  of  foreign  bodies  lodged  in  the  vitreous,  reports 
that  13  eyes  were  enucleated;  18  had  no  vision  or  very  poor  vision; 
20  were  left  with  useful  vision  and  8  recovered  eompletel}'.  Fifteen 
cases  of  missiles  in  tlie  lens,  iris  or  anterior  chamber  gave  the  end 
results  of  one  enucleation,  one  l)lind  e.ye,  4  with  satisfactory-  and  9  with 
excellent  vision.  The  prognosis  is  best  where  the  foreign  bodies  Aveigh 
from  3  to  5  mgs. 

Treatment  of  the  larger,  non-nuignetic  or  feebly  magnetic  foreign 
bodies  is  most  unsatisfactory  as  infection  or  later  degeneration  arc 
almost  certain.  Bits  of  brass,  copper  and  lead  are  successfully  re- 
moved in  a  few  cases,  straw,  wood  and  glass  fragments  are  remov- 
able from  the  anterior  segment  only  and  are  nearly  always  followed 
by  infection. 

Boehm  notes  that  injuries  of  the  eyeball  by  fragments  of  lead  occiir 
in  war  when,  as  described  by  Handmann,  the  rifle  ball  strikes  steel 
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buckles,  or  stone  in  the  wall  of  the  trenches,  or  when  it  passes  through 
sand.  The  aluminum  covering  of  the  hall  breaks,  the  lead  nucleus  is 
melted  and  pulverized  into  particles  of  varying  sizes,  from  a  seed  grain 
to  a  cloud  of  lead  in  a  state  of  minute  subdivision.  The  reporter  has 
seen  many  such  cases.  The  Roentgen  rays  render  a  great  service  in 
the  detection  of  such  foreign  bodies. 

In  five  enucleated  eyes  it  was  possible  to  demonstrate  positively  that 
the  fragments  wei-e  lead.  Boehm  relates  cases  showing  that  the  in- 
juries produced  by  the  passage  of  lead  to  the  fundus  remained  aseptic, 
and  proving  that  fragments  of  lead,  if  introduced  aseptically  into  the 
eye,  behave  more  favorably  toward  the  tissues  than  other  metals ;  lead 
is  doubtless  but  little  soluble  in  the  vitreous.  The  prognosis  is  good 
even  as  concerns  sympathetic  ophthalmia. 

The  treatment  of  the  smaller  non-magnetic  particles  is  largely  ex- 
pectant. Powder  and  stone  "dust"  driven  into  the  eye  are  often 
tolerated  surprisingly  well  and,  in  common  with  many  other  very  fine 
foreign  bodies  may  become  encysted  in  any  of  the  tissues  of  the  eye 
and  cause  no  furtlicr  trouble  if  not  accompanied  by  infectious  material. 
Data  upon  the  final  outcome  of  such  cases  is  awaited  with  keen  interest, 
as  the  future  treatment  of  aseptic  retained  foreign  bodies  will  be 
largely  decided  by  these  final  results. 

This  frequent  tolerance  of  the  eye  to  single  or  multiple  foreign 
bodies,  both  metallic  and  non-metallic,  without  reaction  of  any  sort 
while  under  long  periods  of  observation,  has  furnished  one  of  the 
greatest  medical  surprises  of  the  war.  The  common  consequences  of 
retention  of  foreign  bodies  within  the  eyeball  are  the  well-known  forms 
of  iridocyclitis  or,  if  not  infected,  connective  tissue  organization  of 
the  exudate  with  contraction,  siderosis  bulbi  and  all  forms  of  slow 
degenerative  changes.  In  these  novel  and  unusual  cases,  however,  the 
foreign  bodies  ma.y  not  seldom  be  seen  oj^hthalmoscopically  on  or  in 
the  iris  stroma,  in  the  lens  where  they  may  be  unaccompanied  by 
nebulosities,  in  the  vitreous,  on  or  in  the  retina  and  several  cases  have 
been  seen  of  a  metallic  foreign  body  resting,  unencysted,  on  the  optic 
nerve  head. 

Terrien  (Arch.  d'Ophtal.)  as  Chief  of  the  Ophthalmic  Centre  of 
the  Ninth  French  Military  Area,  has  dealt  with  a  large  number  of 
cases  of  intraocular  foreign  bodies.  AVhile  he  advocates  removal  or 
attempted  removal  of  the  foreign  body  in  the  majority  of  cases,  he  is 
of  opinion  that  in  a  certain  proportion,  especially  when  a  moderate  de- 
gree of  sight  is  retained,  it  is  inadvisable  to  operate.  Such  cases  are 
those  in  which  the  eye  has  exhibited  no  signs  of  irritation,  or,  in  other 
words,  shows  a  marked  tolerance  of  the  penetrating  particle.    He  pub- 
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lishes  the  notes  of  five  soldiers,  in  each  of  whom  the  presence  of  a 
foreign  body  within  the  globe  was  proved  by  X-ray  or  ophthalmoscopic 
examination.  In  all  these  cases  the  wonnded  eye  was  free  from  pain, 
redness,  or  any  other  sign  of  reaction  set  np  by  the  foreign  body.  In 
all  of  them  the  eye  retained  some  sight,  and  in  one,  vision  was  prac- 
tically normal.  In  one  man  the  fellow  eye  was  badly  injnred  and 
nearly  blind. 

It  is  noteworthy  that  none  of  Terrien's  cases  remained  under  his 
observation  for  more  than  three  months ;  hence  the  possibility  of  the 
onset  of  trouble  after  a  long  interval  cannot  be  wholly  excluded. 

Parsoiis  and  Collins  independent!}-  conclude  that  a  sterile  foreign 
body  which  is  chemically  inert  does  not  of  itself  induce  sjanpathetic 
inflammatory  changes  which  arc  set  up,  rather,  b}'  infection  or  by  the 
nature  of  the  wound,  as  where  the  ciliary  body  is  incarcerated.  (This 
matter  will  be  treated  at  greater  length  under  the  heading  of  Sym- 
patlutic  ophfh ainiitis. ) 

Velter  and  Perrin  {A)xh.  d'Ophtal.,  xxxv  4)  report  two  cases  of 
intraocular  foreign  bodies  visible  with  the  ophthalmoscope  through 
clear  media  and  showing  no  inflammatory  reaction. 

In  one  case  vision  of  2/3  was  retained,  in  the  other,  a  particle  near 
the  macula,  only  light  perception  remained.  In  neither  case  was 
the  missile  disturbed. 

Gibson  (Ausiral.  Med.  Gaz.,  July,  1918)  reports  the  following 
interesting  case  of  retained  foreign  bodies  as  an  example  of  how 
nearly  a  man  at  the  front  may  be  blown  to  pieces  and  made  blind, 
and  still  escape  with  useful  limbs,  a  good  throat  and  excellent  sight. 
The  right  thigh  and  knee  were  badly  smashed;  the  knee  was  perma- 
nently ankylosed,  and  there  was  still  some  foot-drop.  The  left  hand 
had  lost  three  fingers.  Each  shoulder  Avas  injured,  and  there  was  a 
large  scar  over  the  thyroid  cartilage,  showing  Avhere  the  larnyx  was 
injured.  There  were  small  foreign  bodies  and  powder  marks  all  over 
his  face,  especially  about  his  e}'es  and  temples.  There  were  foreign 
bodies  in  both  orbits,  and  almost  certainly  a  foreign  body  had  gone 
through  each  e^'e,  taking  the  lens  in  transit. 

He  was  wounded  on  April  11,  1916,  by  an  explosive  shell,  and  seen 
by  the  writer  in  July,  1918,  when  his  eyes  showed  the  following: 
Kight  eye,  two  or  three  small  scars,  and  one,  two  millimeters  long, 
nearly  central  scar,  in  the  cornea ;  also  a  stained  one-millimeter  scar 
on  the  lower  inner  side  of  the  pupil  and  a  two-millimeter  hole  in  the 
lower  iris,  as  if  caused  bj'  the  passage  of  a  foreign  body,  now  closed 
with  organized  exudation.  "Occupying  the  pupil  is  the  thick  mem- 
bi-anous  remains  of  a  traumatic  cataract,  to  which  the  edges  of  the 
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pupil  arc  attached  below.  The  upper  part  of  this  membrane  is  thin 
and  admits  some  light.  Corrected  vision  was  6/36.  One  of  the  for- 
eign bodies  shown  by  .r-rays  appeared  to  be  in  the  vitreous  chamber, 
but  is  probably  in  the  outer  coats  of  the  eye  posteriorly.  Left  eye, 
a  large,  nearly  central,  two-millimeter  scar  in  the  cornea.  There 
were  some  dark  spots  on  the  cornea  and  under  the  ocular  conjunc- 
tiva, either  powder  grains  or  small  foreign  bodies.  Occupying  the 
pupil  w^ere  dense,  membranous  remains  of  a  traumatic  cataract. 
One  part  was  thin,  admitting  some  light.  Corrected  vision  was  6/36. 
One  of  the  foreign  bodies  shown  by  .c-rays  appeared  to  be  either  in 
the  vitreous  chamber  or  in  the  outer  coats  of  the  eye.  Probably  the 
latter." 

July,  1918:  Needling  the  right  eye  obtained  a  small,  but  sufficient, 
hole  in  the  upper  part  of  the  cataract  remains  and  without  causing 
any  reaction. 

September,  1918 :  Needling  the  left  eye  obtained  a  sufficient  open- 
ing in  the  cataract  remains,  and  without  causing  any  reaction. 

After  a  needling  in  both  eyes  corrected  vision  was  6/6  with  the  right 
eye  and  one  or  two  letters  of  6/5,  and  6/9  with  the  left  eye  and  one 
or  two  letters  of  6/6. 

Binocular  vision  was  better  than  vision  with  either  eye  alone. 

Lagrange  is  of  the  opinion,  and  his  belief  is  substantiated  by  the 
writer's  experience,  that  if  an  eye  contains  a  foreign  body  and  still 
has  useful  sight  it  should  be  undisturbed,  but  if  vision  has  departed 
and  the  foreign  body  is  in  the  ciliary  region  the  eye  should  be 
enucleated,  even  if  devoid  of  pain  or  irritation.  If  the  foreign 
body  is  elsewhere  and  the  eye  is  quiet  there  is  no  indication  for 
operative  intervention. 

Petit  (Ann.  d'OcuJ.,  cliii,  7)  writing  on  the  remote  consequences 
of  retained  foreign  bodies  and  of  war  injuries  of  the  eyes,  empha- 
sizes the  caution  which  is  commonly  felt  in  these  cases  by  advising 
that  eyes  Avhich  are  apparently  without  reaction  should  be  watched 
from  time  to  time.  lie  has  seen  about  40  cases  in  which  neither  radi- 
ogram nor  clinical  examination  revealed  the  presence  of  foreign  bodies 
but  in  which,  after  a  forced  later  enucleation,  foreign  bodies  were 
found  in  the  ciliary  body,  the  vitreous  and  elsewhere  and  were  con- 
sidered as  the  inducing  factor  of  the  ocular  reaction  leading  to  the 
enucleation. 

Dor  (Abstr.  Amcr.  Jonr.  Ophthal.,  Nov.,  1918,  p.  209)  reports 
symptoms  of  acute  inflammatorj'  glaucoma,  traumatic  cataract  or 
intraocular  infection  caused  bv  unrecognized  foreign  bodies  which  had 
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entered  the  eyes  through  the  sclera  Avithout  a  recognizable  wound 
of  entrance. 

Morax  (Ann.  crOcul.,  eliv,  January,  1917)  lias  noted  glaucoma 
secondary  to  Avounds  of  the  eye  by  intra-ocular  foreign  bodies  in  five 
cases  out  of  a  thousand  Avounded.  He  excludes  glaucoma  secondary 
to  irido-cyclitis  foUoAving  perforating  injuries,  AA'ith  or  AA'ithout  an 
intra-ocular  missile,  and  the  forms  of  glaucoma  induced  by  the  rapid 
swelling  of  a  traumatized  lens  or  by  the  contusion  of  the  globe  AA'ith 
lens  dislocation.  In  his  eases  the  glaucoma  dcA'eloped  Aveeks  or 
months  after  the  original  injury  and  the  presence  of  the  foreign 
body  AA'as  established  by  extraction  or  radiography  as  the  AA-ounds  of 
entrance  AA^ere  A^ery  fine.  Glaucomatous  attacks  occurred  in  Avhich  the 
tension  had  risen  sharply,  Avith  congestion  and  pain  calling  attention 
to  the  condition,  Avhile  in  others  a  poor  visual  result,  despite  the  clarity 
of  the  pupil,  led  to  tbe  discovery  of  tlie  increased  tension.  i\Iiotics 
liad  little  effect  upon  the  tension.  In  one  case  there  Avas  an  asso- 
ciated rupture  of  the  ciioroid  Avith  adjacent  hemorrhages  and  in  an- 
other traumatic  pigmentary  and  atrophic  changes  in  choroid  and 
retina,  this  eye  revealing  the  presence  of  a  very  small  jjiece  of  stone 
at  enucleation.  jMorax  states  that  the  foreign  body  may  be  aseptic 
and  non-metallic  and  may  still  cause  tension  just  as  a  dislocated  lens 
may  do.    There  Avas  no  cyclitis. 

The  functional  results  of  treatment  Avere  almost  uniformly  poor, 
as  extraction  of  the  foreign  body,  miotics,  sclerecto-iridectomy  and 
anterior  and  posterior  sclerotomies,  AAhile  often  relieving  pain,  AA'ere 
nearh'  ahvays  folloAved  by  enucleation  or  evisceration.  The  unavoid- 
able conclusion  of  these  obserA'ations  is  that  cases  of  chronic  glau- 
coma foUoAving  an  injury  of  the  eye  in  Avliich  an  ophthalmoscopic 
study  of  the  fundus  is  made  impossible  by  the  changes  in  the  media, 
should  be  stereoradiographed,  shice  the  existence  of  an  intraocular 
foreign  body  is  not  only  possible  but  probable. 

Traumatic  cataract  is  a  common  accompaniment  of  penetrating 
eye  injuries  and,  according  to  Rollet  and  Velter's  statistics,  occurs 
about  five  times  as  often  as  contusion  cataract.  Only  '^ll  of  Rollet 
and  Velter's  197  cases  shoAved  intraocular  foreign  bodies  associated 
Avith  the  cataracts  and  in  such  cases  the  authors  counsel  the  imme- 
diate extraction  of  the  foreign  body  and  the  simultaneous  removal  of 
the  lens  AA-herever  possible.  Foreign  bodies  in  the  lens  are  frequently 
small  and  so  firmly  fixed  in  tlie  Icntal  substant-e  ms  to  make  extrac- 
tion by  magnet  difficult,  hence  it  is  a\  iser  to  Avait  on  complete  opacifica- 
tion, a  course  made  faA'orable  by  the  Avell-recognized  tolerance  of  the 
lens  for  small  foreign  bodies  and  the  rarity  of  infection  under  sneh 


13750   WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

conditions.  When  the  missile  is  behind  the  lens  it  is  extracted  by 
magnet  as  soon  as  possible  and  the  cataract  extraction  may  follow 
at  the  most  suitable  period  when  the  reaction  has  wholly  subsided. 
Some  of  the  soft  lens  substance  is  usually  removed  during  the  extrac- 
tion of  the  foreign  body.  When  the  attempt  at  removal  of  the  for- 
eign body  fails  the  eye  may  be  lost  as  a  result  of  rapid  inflammatory 
changes  which,  as  an  extreme  rarity,  may  lead  to  sympathetic  ophthal- 
mitis; organization  of  the  vitreous  may  take  place  about  the  foreign 
body  and  vision  be  gradually  lost  without  active  inflammation;  or 
the  eye  may  become  quiet,  without  further  visual  loss,  and  the  cat- 
aract may  be  extracted  later  when  conditions  most  warrant.  In  6 
cases  of  traumatic  cataract  Avhere  the  removal  of  the  foreign  body 
had  been  acecmplished,  Rollet  and  A'elter  obtained  vision  better  than 
1/4  in  2  cases,  between  1/4  and  1/20  in  2  and  worse  than  1/20  in  2, 
while  in  12  .such  cataracts  whei-e  the  foreign  body  could  not  be  ex- 
tracted vision  was  better  than  1/4  in  one  case,  between  1/4  and  1/20 
in  3  and  less  than  1/20  in  the  remainder. 

The  majority  of  cases  of  traumatic  cataract  with  no  retained  for- 
eign body  in  the  eye  are  associated  with  a  penetrating  wound  of 
the  anterior  segment  of  the  eye  which  is  often  found  blocked  with 
lens  matter  and  prolapsed  iris,  to  free  which  an  immediate  opera- 
tion is  usually  necessary.  Where  the  wound  is  large  and  the  capsule 
is  torn  an  immediate  extraction  is  indicated,  as  is  also  the  case  in  the 
presence  of  hypertension  which  does  not  respond  to  miotics.  Wounds 
extending  to  the  posterior  half  of  the  globe  with  damage  to  the 
choroid  and  retina,  with  symptoms  of  infection  such  as  iritis  and 
iridocyclitis  with  hypertension  contraindicate  operation,  as  do  obvi- 
ously, those  woiinds  with  complete  loss  of  light  perception.  No  eye 
should  be  operated  upon  in  which  a  low-grade  iridocyclitis  exists,  es- 
pecially if  there  is  a  little  hypotension,  until  the  lapse  of  several 
months  or  even  a  year,  on  account  of  the  danger  of  a  fulminating 
eyclitis. 

Vision  of  1/4  or  better  was  obtained  in  12  out  of  89  cases  of  trau- 
matic cataract  associated  with  penetrating  injury;  in  36  cases  vision 
of  1/4  to  1/20  was  obtained;  18  cases  gave  1/20  to  l/,50  and  in  23 
cases  vision  of  less  than  1/50  resulted. 

Lowenstein  (q.  v.)  referring  to  the  final  effects  of  penetrating 
wounds  of  the  eye  in  general,  noted  that  but  17  blind  eyes  required 
enucleation  out  of  133  such  injuries. 

Aubineau  (Clin.  OphtaJ.,  vii,  4),  comparing  cataract  and  aphakia 
from  the  military  point  of  view,  believes  that  as  the  liability  of  the 
state  is  much  less  in  the  case  of  aphakia  than  in  the  case  of  soldiers 
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with  iiuoperated  Ccitaraetoiis  eyes,  operation  should  be  urged  in  every 
operable  cataract,  a  view  opposed  by  Valude  {Ann.  d'OcuL,  cliii, 
Xo.  3)  on  the  sole  ground  that  cataract  operations  are  inopportune. 
Operation  for  cataract  in  the  ca:;e  of  civilians  whose  induction  into 
military  service  might  be  desirable  on  other  grounds  is,  in  general, 
unwise,  in  that  the  starting  point  for  a  pension  is  provided. 

Teulieres  {Clin.  OpMal.,  viii,  1)  makes  the  point  in  these  cases,  a 
point  which  we  believe  should  receive  fitting  recognition  in  the  com- 
pensation awards  in  comparable  civil  cases,  that  the  aphakic  eye  is 
C2ititled  to  more  compensation  than  the  non-aphakic  eye  with  the 
same  amount  of  vision  in  that  it  has  lost  the  two  important  func- 
tions of  accommodation  and  of  binocular  vision.  He  would  award  5 
per  cent,  additional  for  the  loss  of  each  of  these  functions,  as,  for 
example,  in  traumatic  cataract,  where  10  per  cent,  would  be  added 
to  the  amount  provided  by  law  as  compensation  for  the  loss  of 
vision. 

Lister  (Lauccl,  July  L'O,  li)18),  discussing  the  gross  pathological 
changes  which  take  i>'ace  in  the  vitreous  in  penetrating  injuries  of  the 
eyes,  has  been  struck  by  the  extraordinary  variety  of  changes  en- 
countered. He  notes  that  in  some  the  track  of  the  foreign  body  is 
clearly  defined,  either  by  blood.  l)y  pus,  or  by  a  fibrous  band,  or, 
again,  the  whole  vitreous,  more  or  less  hemorrhagic  and  infiltrated, 
may  be  found  shrunk  up  around  the  track,  but  remaining  attached 
(or  as  it  were  "pegged  out'')  to  the  retina  at  a  point  at  which  the 
foreign  body  struck. 

The  foreign  body,  by  penetrating  the  vascular  coats  of  the  eye  from 
without  or  striking  the  retina  and  choroid  within,  often  causes  a  hem- 
orrhage to  take  place  at  one  or  both  spots.  Such  a  hemorrhage  may 
merely  follow  the  track  of  the  foreign  btdy,  but  often  it  is  much 
more  widespread  and  occurs  in  fans  wliich  correspond  with  no  known 
structure  of,  or  lymph  channels  in,  the  vitreous,  which  fans  may  ))e 
seen  with  the  ophthalmoscope.  Just  as  a  bullet  when  passing  through 
a  limb  causes  splits  in  the  muscles  and  fascia^  radiating  from  its  track, 
iuto  which  blood  and  infective  material  will  find  tlieir  way,  so  it 
wcuVl  seem  a  foreign  body  passing  through  the  jelly-like  viti-eous  may 
split  this  body  in  various  planes  iuto  Avhich  blood  and.  at  a  later 
date,  infective  material  may  also  spread.  This  seems  a  rational  ex- 
])]anation  for  the  widespread  fans  and  planes  of  hemorrhage  and 
fibrous  tissue  that  are  met  with,  which  do  not  correspond  with  any 
known  lymph  passages  in  the  vitreous. 

The  vitreous,  as  we  have  seen,  becomes  adherent  to  the  retiua  at 
the  i)oiut  where  a  foreign  body  strikes;  yet  allowing  for  rebouuding  of 
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a  foreign  body  more  than  once  or  twice,  or  the  possibility  of  more 
than  one  or  two  foreign  bodies  being  present,  we  come  across  many 
specimens  where  the  vitreous  has  been  pegged  out  at  too  many  spots 
to  be  accounted  for  by  either  of  these  causes.  Hemorrhages  from  the 
retina  which  burst  through  the  hyaloid  into  the  vitreous  will  doubtless 
be  a  cause  of  adhesion  between  the  two  structures.  One  of  Lister's 
specimens  shows  a  conical  hemorrhage  tip  to  a  vitreous  adhesion,  which 
supports  such  a  view.  The  hemorrhage  being  only  at  the  point  of  tlie 
adhesion,  it  is  probable  the  blood  came  from  the  retina. 

It  would  seem  probable  that  when  rifts  of  tlie  vitreous  caused  by 
the  penetration  of  a  foreign  boch''  reach  the  retina,  either  blood  may 
follow  up  along  the  rift  or  a  new  hemorrhage  may  start  from  the 
retina,  and  thus  also  a  connecting  link  is  formed. 

Shrinking  of  the  vitreous  and  absorption  of  the  variou;j  inflamma- 
tory elements  may  go  on  tiU  all  that  is  left  of  hemorrhage  and  infil- 
tration is  a  series  of  strands  or  fans  of  delicate  fibrous  tissue  attached 
in  front  of  the  back  of  the  lens,  or  ciliary  body,  and  behind  to  the 
retina. 

Occasionally  these  strands  are  exquisitely  delicate,  merely  branch- 
ing threads  with  a  variable  amount  of  pigment  deposited  on  or  in 
them. 

Where  the  fibrous  bands  are  attached  to  the  retina  they  may  by 
their  shrinking  exercise  considerable  traction,  bringing  about  puck- 
ering or  folding  of  the  retina;  or  actual  detachment  may  occur, 
])rovided  sufficient  exudaticn  has  iiot  been  poured  out  to  bind  together 
the  retina,  choroid,  and  sclerotic. 

It  is  jirobable  also  that  cei-tain  of  the  tears  and  holes  which  occur 
in  the  retina  are  due  to  the  attachment  and  trai-tion  of  vitreous  bands. 

In  any  case  fibrous  vitreous  bands  must  be  looked  upon  as  a  decided 
menace,  and  one  must  therefore  avoid  as  far  as  possible  any  procedure 
in  ophthalmic  surgery  which  is  liable  to  cause  a  vitreous  hemorrhage. 
Thus,  in  removing  foreign  bodies  from  the  e.ye,  this  is  one  of  the  strong- 
est arguments  for  drawing  at  any  rate  the  smaller  magnetic  particles 
forwards  into  the  anterior  chamber  and  removing  them  through  an 
incision  in  the  avascular  cornea  i-ather  than  withdrawing  them 
through  a  new  incision  made  in  the  vascular  sclera  and  choroid,  which 
very  probably  will  create  a  fresh  vitreous  hemorrhage. 

It  is  recognized,  of  course,  that  not  every  vitreous  hemorrhage  gives 
rise  to  fibrous  tissue,  and  we  niay  digress  for  a  moment  to  discuss  tiiis 
point. 

Fibrous  tissue  may  follow  hemorrhage  both  from  penetrating  and 
non-penetrating  injuries.     It  aj^pears  to  fo^lo^w  mild  infections  faii'ly 
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regularly,  but  infection,  in  the  ordinary  acceptation  of  the  term,  is  not 
neeessarj^  for  its  formation. 

As  Parsons  has  pointed  out,  the  fixed  cells  of  the  vitreous  will  not 
by  themselves  produce  fibrous  tissue ;  fibroblasts  from  already  formed 
connective  tissue  must  be  present,  and  they  can  pass  in  either  from 
the  retina  or  choroid  after  rupture  in  the  internal  limiting  membrane 
of  the  retina  or  the  hyaloid,  or  both. 

Lister  considers  the  delicate  retinal  lesions  produced  by  the  im- 
pact of  foreign  bodies  upon  the  retina  in  their  lodging  or  rebound 
as  "wonderfully  neat  physiological  experiment^,"  through  which 
these  visible  lesions  can  be  correlated  with  the  defects  in  the  visual 
fields.  Thus  he  finds  that  lesions  above  or  below  the  horizontal  plane 
cause  a  defect  in  the  field  out  of  all  proportion  to  the  local  disturbance, 
i.  e.,  a  "distribution  effect"  has  resulted  in  addition  to  the  local  de- 
fect, owing  to  the  involvement  of  nerve  fibers  which  were  passing  on  to 
a  more  peripheral  portion  of  the  retina.  The  distribution  defect  is 
fan-shaped  from  the  point  corresponding  with  the  lesion  and  extend- 
ing towards  the  periphery.  The  nearer  the  lesion  is  to  the  disc  the 
greater  the  blind  sector,  and  vice  versa,  which  agrees  with  the  ac- 
cepted distribution  of  the  nerve  fibers  in  the  retina. 

When  the  lesion  occurs  in  the  horizontal  plane  there  is  no  "dis- 
tribution defect,"  but  the  loss  of  the  field  is  limited  to  the  area  cor- 
responding with  the  lesion,  as  would  be  expected,  for  the  fibers  supply- 
ing the  retina  iii  the  horizontal  line  arch  around  from  the  disc  to  their 
destination,  and  therefore  these  lesions  would  involve  the  nerve  fibers 
only  at  their  termination. 

As  an  example  Lister  cites  a  case  when  a  foreign  body  bounded 
twice  on  the  retina.  The  defect  in  the  field  was  two  scotomata  cor- 
responding with  the  two  lesions  of  the  retina  with  no  distribution 
defect  or  peripheral  loss. 

These  sector  defects  following  bruising  of  the  retina  are  strikingly 
similar  to  the  sector  defects  in  the  field  following  solitary  patches 
of  choroiditis  described  and  worked  out  with  such  care  by  Hepburn, 
and  which  are  probably  due  to  an  involvement  of  the  nerve  fibers  in 
the  inflammatory  proces^s  as  they  pass  over  the  patch  of  choroiditis 
rather  than  to  any  irregularity  in  the  distribution  of  the  choroidal 
vessels.  Lister  desci-ibes  a  most  interesting  ease  of  complete  "ring 
field,"  the  result  of  the  penetration  of  the  cornea,  iris,  lens  and 
vitreous  by  a  minute  particle  which  came  to  rest  on  the  optic  disc. 
The  lesions  produced  were  an  adherent  leucoma,  a  hole  in  the  iris,  an 
opaque  track  through  the  lens  from  which  a  delicate  fibrous  band 
extended   through  the   vitreous   to   the   mass   of   inflammatory  tissue 
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(•overing  the  disc  and  its  immediate  neighborhood.  The  presence  of 
the  foreign  body  on  tho  disc  was  proven  by  radiogram.  The  rest  of 
tlie  fnndns  was  normah 

The  absorbing  fact  is  that  this  lesion  cansed  a  nearly  circular 
ring  field ;  tliat  is  to  say,  a  very  large  central  defect,  and  considerable 
peripheral  contraction,  between  which  lay  a  nearly  circular  l)aud  in 
which  vision  was  retained. 

If  the  nerve  fibers  in  the  outer  third  of  the  disc  supply  the  macular 
area,  and  the  most  peripheral  fibers  on  the  disc  supply  the  retina  im- 
mediately around,  while  these  in  the  center  are  the  long  distance 
fibers  which  supply  the  periphery  of  the  retina,  then  the  tibers  in 
the  intermediate  horseshoe  zone  on  the  disc  must  pass  to  that  por- 
tion of  the  retina  corresponding  Avith  this  "ring  field."  It  would 
have  been  almost  unbelievable  that  a  complete  ring  field  could  have 
been  left,  yet  it  has  to  be  accepted  as  fact,  for  the  field  was  taken 
most  carefully  on  two  separate  occasions  at  an  interval  of  several 
weeks,  and  the  two  fields  were  practically  identical.  This  case  sug- 
gests to  Lister  that  the  nerve  fibers  which  are  in  association  with 
the  various  concentric  zones  of  tlie  retina,  and  which  will  be  dis- 
tributed to  the  corresponding  zones  in  the  appropriate  superior  and 
inferior  calcarine  areas  of  the  occipital  lobes,  are  arranged  in  definite 
zones  in  the  optic  nerve.  He  further  adduces  this  case  to  explain 
the  concentric  defects  in  the  field  which  have  been  attributed  to,  but 
not  definitely  proven  to  be,  the  result  of  disease  of  the  optic  nerve, 
such  as  retrobulbar  neuritis  (e.  g.,  Hancock's  case  of  ring  scotoma 
following  lightning  stroke)  and  believes,  as  well,  that  it  maj'  furnish 
the  clue  to  the  cause  of  certain  diseases  associated  M'ith  concentric 
defects  of  the  field  such  as  retinitis  pigmentosa. 

Kuhnt  {Zeit.  f.  Augenheilk.,  1916,  XXXVI,  I)  treats  by  plastic  oper- 
ations on  the  eyeball  itself  those  particular  cases  in  which,  without 
perforation  of  tlie  eye  itself,  large  parts  of  the  cornea  or  anterior 
sclera  liave  been  lost  on  account  of  external  violence,  corrosion  or 
ulceration.  These  heal  much  quicker  under  operative  therapy  while 
they  are,  for  the  most  part,  no  longer  in  danger  of  perforation.  Pain 
and  secondary  inflammation  in  the  anterior  area  disappear  almost  im- 
mediately or  can  be  easily  allayed.  The  slight  operation  consists  in 
carefully  cleansing  the  defect,  removing  all  particles  or  shreds  of  tis- 
sue with  curette  and  then  transplanting  on  the  carefully  prepared 
wound  surface  conjunctiva  which  is  histogenetically  closely  related. 

A  pedunculated  flap,  with  the  pedicle  above  should  be  chosen  for 
all  deep  and  peripherally  situated  defects;  for  central  defects  a  flap 
with  double  jiedicle  is  indicated. 
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The  flap  is  taken  from  the  conjunctiva  of  the  eyeball  by  means  of 
two  incisions  close  to  and  parallel  with  the  limbus.  In  gauging  the 
size  of  the  flap  it  should  be  remembered  that  this  elastic  tissue,  es- 
pecially when  disconnected  from  its  surroundings  and  in  young  indi- 
viduals Avill  shrink  at  least  one-third  in  all  dimensions.  Subconjunc- 
tival tissue  should  not  be  removed  with  the  flap,  Avhich  is  placed  in 
position  by  spreading  it  out  well  and  pressing  the  wound  surface  of 
the  flap  gently  and  for  some  time  against  the  thoroughly  cleansed 
floor  of  the  defect. 

When  the  tissue  loss  is  centrally  situated  it  is  necessary  to  secure 
the  double  pedunculated  flap  (which  is  taken  from  the  outer  side  of 
the  eyeball)  in  place  with  one  or  two  sutures  with  the  upper  pedicle 
under  slight  tension.  The  flap  will  heal  into  place  with  almost  abso- 
lute certaint}',  in  about  6  to  8  days.  The  spot  from  which  the  con- 
junctiva was  taken  is  covered  during  the  first  few  days  "with  a  mem- 
brane similar  to  that  in  diphtheria.  This  soon  disappears  and  is 
followed  by  rapid  epithelialization.  The  transplantation  of  the  flap 
will  never  cause  disturbance  of  circulation  or  unfavorably  influence 
the  other  parts  of  the  cornea  or  sclera. 

It  should  be  nientioned  as  an  advantage  of  this  conjunctivo-kerato 
plastic  that  even  extensive  tissue  defects  extending  down  to  Deseemet's 
membrane  can  be  quickly  fiUed  up  and  evince  no  tendency  to  ectasia 
with  its  well  known  destructive  coiisequences.  The  resultant  scar  also 
shows  surprisingly  little  opacity'.  The  flap,  after  filling  out  the  de- 
fect, atrophies  gradually  so  that  later  frequently  only  a  thiu,  scarcely 
visible  membrane  remains. 

If  for  any  reason  a  flap  from  the  scleral  conjunctiva  cannot  be 
formed,  transplantation  without  pedicle  from  the  other  eye  or  from 
another  individual  may  be  resorted  to  with  equally  good  result. 

Tissue  loss  in  the  anterior  sclera  is  treated  in  the  same  way  except 
that  the  conjunctival  covering  is  not  used  in  form  of  a  flap  but  merely 
with  lateral  displacement.      (Conjunctivo-scleroplastie.) 

If  the  defect  of  the  cornea  comprises  its  whole  thickness,  but  is 
small,  the  same  method  may  be  employed  by  taking  conjunctiva  W'ith 
episcleral  tissue.  It  does  not,  however,  assui'e  the  same  measure  of  suc- 
cess. In  larger  defects  the  flap  sooner  or  later  becomes  distended, 
loses  its  elasticit}',  has  a  glassy  appearance  and  protrudes  in  the  form 
of  a  staphyloma.  The  direct  and  constant  pressure  on  the  wound 
surface  of  the  fluid  in  the  anterior  chamber  evidently  hinders  the 
formation  of  a  strong  tissue  layer  capable  of  resistance.  In  these 
cases  the  author  found  it  necessary  to  protect  the  conjunctiva  in 
the  defect  against  the  action  of  the  fluid  in  the  anterior  chamber  by 


1375G   WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

fonning  a  substratum  of  liviug  tissue.  For  this  purpose  lie  first  thor- 
oughly removed  the  epithelium  from  the  adjacent  cornea  and  then 
formed  a  thin  flap  which  was  twisted  into  the  defect.  After  that 
the  kerato-plastic  conjunctival  flap  with  its  episcleral  tissue  was  spread 
over  the  defect  and  fixed.  The  results  were  satisfactory,  inasmuch 
as  a  resistant  scar  was  gained  and  staphylomatous  protrusion  with  its 
secondary  consequences  avoided. 

In  case  one  has  cornea  at  his  disposal  from  an  eye  which  is  to  be 
enucleated  or  exenterated,  this  too  may  be  used.  One  must,  of  course, 
jDrovide  for  as  broad  an  adhering  surface  as  possible  by  smoothing  of? 
the  edges  of  the  defect,  if  need  be  Avith  galvanocaustic  wire.  One 
should  also  take  care  that  the  intraocular  pressure  be  and  remain 
low  during  the  time  of  healing.  This  may  make  it  necessary  to  per- 
form simultaneously  or  a  few  days  later  sclerectomy  according  to 
^agrange  or  trepanation  according  to  Elliot  with  peripheral  or  com- 
plete iridectomy.  The  conjunctival  flap  to  be  placed  over  the  cornea 
and  transplant  should  be  chosen  as  broad  as  possible  and  should  be 
firmly  and  securely  attached  to  the  opposite  limbus  with  sutures. 

Healing  takes  place  promptly.  The  covering  gained  is  usually 
lasting  and  sufficient.  The  same  method  of  procedure  may  be  em- 
ployed for  staphylomata  of  the  cornea,  even  those  of  long  standing, 
and  also  for  circumscribed  kerectasias. 

In  defects  of  the  w^hole  thickness  of  the  sclera  a  covering  with  suffi- 
cient power  of  resistance  cannot  be  gained  by  the  use  of  conjunctiva 
alone,  or  even  conjunctiva  with  subconjunctival  tissue.  Here  too  it 
must  be  padded  underneath  with  other  tissue.  The  most  evident  thing 
to  do  is  to  use  adjacent  sclera  after  splitting  it,  since  even  a  very  thin 
layer  over  the  defect  is  sufficient  to  form  with  the  conjunctiva  a  re- 
sistant covering.  It  is  easier  and  gives  better  success  to  use  a  strip 
from  a  tendon  of  the  nearest  rectus  muscle,  if  the  defect  is  between 
the  ridge  of  insertion  and  the  cornea  or  between  two  muscles.  The 
tendon  is  laid  perfectly  bare,  a  fiat  tendon  hook  is  introduced  be- 
neath it  and  a  suitable  flap  is  then  excised  from  the  middle  ])ortion 
with  its  base  at  the  ridge  of  insertion.  Tliis  is  then  bent  forward,  or 
forward  and  upward,  or  downward  and  sutured  to  the  edges  of  the 
defect  with  a  few  thin  catgut  threads.  The  spot  from  which  the  flap 
■\\;is  taken  is  closed  by  suluic.  Th(>  defect  is  then  covered  with  con- 
junctiva. Also,  transplantation  of  whole  thicknesses  of  sclera  or 
single  lamellae  from  simultaneously  enucleated  eyeballs  may  be  em- 
ployed; conjunctiva  is  then  drawn  over  later.  Judging  by  his  other 
experiences,  Kulmt  thinks  that  a  strip  of  fascia  lata  should  be  suit- 
able for  the  covering  of  scleral  defects  and  is  inclined  to  attempt  the 
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padding  of  conjunctiva  with  it.  He  also  advises  the  use  of  a  strip 
of  fascia  lata  in  all  cases  in  which  not  only  the  sclera  is  lacerated  but 
also  where  a  tendon  of  one  of  the  recti  is  torn  off  or  severed.  After 
suturing-  tlic  sclci'al  >vounrl  tlic  f.-isciii  slimild  Ix'  (';ii-efiil]y  sutnrcMl 
witli  eatg'ut  to  tlie  remains  of  muscles  or  Icudoii  and  to  tlu'  sclera. 

nr.  THE  problem  of  enucleation. 

Probably  as  mucli  bloody  human  sacrifice  is  still  offered  unwittingly 
at  the  twin  altars  of  Ignorance  and  Fear  as  in  the  rarest  days  of  Baal 
and  JMoloch.  The  early  months  of  the  war  saw  the  climax  of  these 
unwilling  surgical  offerings  and  the  few  ophthalmologists  in  active 
military  work  at  that  time  can  attest  that  no  small  part  of  the  sacri- 
ficial tithes  were  ophthalmic.  The  general  surgeons  who  bore  the 
overwhelming  brunt  of  those  unspeakably  stressful  days  before  the 
natural  cleavage  into  specialist  lines  occurred,  were  ignorant  of  oph- 
thalmic procedure,  fearful  of  the  results  of  even  trivial  eye  injuries, 
were  Avorked  and  worried  almost  literally  to  death  and  it  sbould  ex- 
cite no  wonder  that  these  devoted  men  sacrificed  many  eyes  unneees- 
saril}'.  That  general  surgeons  should  have  persisted  later  in  the  war 
in  performing  early  excisions  of  badly  wounded  eyes  and  often  of  both 
eyes  as  was  done  not  rarely  despite  the  unnoted  protests  of  ophthal- 
mic surgeons,  should  provoke  such  general  censure  as  to  lead  to  the 
omission  of  the  operation  of  enucleation  from  the  general  surgical 
curriculum  and  to  its  performance  hy  trained  ophthalmic  surgeons 
alone. 

F.  de  Lapersonne  {Arch.  d'Ophial,  p.  449,  Vol.  35,  No.  11), 
Dianoux  (La  Clin.  Ophtal.,  Feb.,  1917)  and  Angelucci  {Archiv.  di 
Ottal.,  1917,  p.  159)  all  protested  against  the  freely  practised  enuclea- 
tion which  was  often  done  within  twenty-four  or  forty-eight  hours 
after  injury.  In  these  oj^erations  the  conjunctiva  Avas  frequently 
grossly  excised  or  mutilated,  foreign  bodies  and  splinters  of  bone  left 
in  the  orbital  tissue  where  they  induced  interminable  suppuration,  and 
vital  parts  of  the  lids  excised  with  a  surgical  largess  which  made  the 
ultimate  wearing  of  a  prothesis  almost  impossible.  De  Lapersonne 
cites  a  number  of  cases  which  were  brought  in  after  double  enuclea- 
tion, all  of  which  were  operated  on  either  on  the  day  they  were 
wounded  or  within  forty-eight  hours,  some  of  them  having  been  at- 
tended to  in  a  large  ambulance  at  the  front,  the  staff  of  which  con- 
sisted of  seventeen  surgeons  without  a  single  oculist. 

There  is  no  excuse  for  this  undue  haste,  as  ocular  hemorrhage  is 
never  dangerous,  panophthalmitis  does  not  set  in  immediately,  and  the 
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spreading  of  an  iufeetiou  to  the  meninges  is  certainly  not  prevented 
by  a  hasty  enucleation ;  on  the  contrary,  it  is  a  fact  that  in  deep 
wounds  of  the  orbit  with  escape  of  cephalo-rachidian  fluid  enucleation 
is  disastrous. 

Not  rarely  some  degree  of  siglit  has  been  saved  to  e^'es  which  seemed 
lost.  If  blindness  is  unavoidable  it  is  much  better  that  the  wounded 
should  be  prepared  for  their  loss  gradually,  and  not  subjected  to  such 
a  terrible  privation  at  a  time  when  their  moral  and  physical  condi- 
tions are  at  their  worst.  On  the  other  hand,  it  may  happen  that 
unlooked  for  improvement  may  set  in  after  waiting  a  few  days,  a 
case  reported  by  Brunetiere  and  Amalrie  illustrating  the  point  {La 
.Clin.  Ophial.,  May,  1917)  :  A  fragment  of  shell  penetrated  the  lids 
over  the  caruncle  causing  a  scleral  wound  9x10  mm.  in  area  and  such 
persistent  bleeding  that  a  scleral  suture  was  demanded.  Vision  was 
reduced  to  uncertain  appreciation  of  hand  movement  but  despite  this 
extensive  injur}-,  which  would  certainly  have  led  to  enucleation  in 
less  experienced  hands,  a  final  vision  of  4/10  was  obtained. 

During  the  war  some  controversy  arose  over  the  relative  merits  of 
enucleation  and  evisceration  but  the  late  comparative  symptomatic 
results  reported  by  Dor  {Clin.  Ophtal.,  viii,  4)  apparently  settle  the 
question  decisively  in  favor  of  enucleation.  Dor  found  that  41  out 
of  63  soldiers  who  had  suffered  removal  of  one  eye  (23  by  enucleation 
and  40  by  evisceration)  had  no  subsequent  trouble  whatever.  Twen- 
ty-two complained  of  lachrymation,  photophobia,  periorbital  pain  and 
accommodative  asthenopia  and  the  fact  that  21  of  the  22  had  had 
ocular  evisceration  manifestly  proves'  the  superiority  of  enucleation. 
Tender  and  irritable  stumps  have  been  noted  after  evisceration  by 
other  observers  and  ]\Ionbrun  {Arcluv.  d'Ophtal.,  xxxv,  3)  details  a 
peculiar  case  where  continuous  burning  pain  began  on  the  side  of  the 
face  and  head  on  which  a  partial  resection  of  one  eye  had  been  made, 
leaving  a  stump  of  the  posterior  pole.  These  pains  gradually  became 
unbearable  and  were  associated  with  a  somewhat  disturbed  mentality, 
vasomotor  and  secretory  disturbances  on  the  affected  side,  in  the  form 
of  constant  vasodilatation,  and  marked  overaction  of  the  sweat  glands. 
This  condition  was  ascribed  to  a  true  sympathetic  neuritis  of  the  sym- 
pathetic fibers  entering  the  ciliary  ganglion  and  of  the  ciliary  nerves, 
although  excision  of  the  ocular  stump  with  the  ophthalmic  artery 
and  with  the  sympathetic  chains  gave  no  relief. 

The  comparative  merits  of  simple  enucleation  and  of  the  scleral 
frill  operation  without  opening  the  meningeal  sheath  of  the  optic 
nerve,  designed  by  Lister  as  a  preventive  measure  against  possible 
extension  of  infection  to  the  cerebral  meninges  and  venous  sinuses,  are 
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less  easily  deterininecl.  The  risk  of  life  incurred  by  enucleation  is 
about  1  in  4000  and  while  simple  enucleation  in  the  presence  of  trau- 
matic suppurative  panophtlia^mitis  may  theoretically  increase  this 
risk  it  can  do  so  to  ]io  great  extent.  The  aim  of  modern  surgery, 
however,  is  to  eliminate  evcx-y  jiossible  risk  and  in  this  sense  Lister's 
operation  should  be  the  operation  of  election  in  the  face  of  suppura- 
tion. The  greatest  care  must  be  taken,  however,  in  all  incomplete 
operations  of  this  sort  to  remove  every  trace  of  retina  and  choroid 
from  the  sclera,  in  view  of  the  well  known  tendency  of  retained  uvea 
to  set  up  irritative  changes  of  a  sympathetic  type  in  the  renuiining 
eye. 

The  indicafioii.'i  for  enucleation.  All  means  should  be  employed  to 
save  traumatized  eyeballs,  even  if  sightless,  and  the  operation  of 
enucleation,  Avhich  has  become  the  most  frequent  eye  operation  in 
military  surgery,  should  not  be  practised  without  the  assurance, 
gained  from  fitting  experience,  that  the  retention  of  the  injured  eye 
will  menace  the  fellow  eye,  Avill  perhaps  endanger  life  or  will  lead  to 
a  blind  and  painful  stump.  It  is  safe  to  say  that  the  greater  the  skill 
and  experience  the  fcAver  will  be  the  enucleations,  although  it  is 
recognized  in  making  this  general  statement,  that  operative  conserva- 
tism should  not  be  carried  to  the  extreme  of  temporizing  with  painful 
and  irritable  eyes  for  long  periods  after  injury,  or  with  eyes  which 
are  obviously  on  the  way  to  atrophy  or  to  exudative  iridocyclitis. 

In  general,  where  an  eye  1ms  been  too  badly  injured  to  be  saved, 
Avliere  large  amounts  of  vitreous  have  been  lost,  where  only  remnants 
of  eyes  remain,  in  traumatic  iridocyclitis  without  light  perception  and 
in  all  conditions  where,  after  vigorous  and  sufficiently  prolonged  at- 
tempts to  save  the  eye  sympathetic  o])lithalmitis  is  to  be  feared,  enucle- 
ation should  be  done.  Weekers  (Archiv.  meel.  Beiges,  March,  1917) 
justly  declares  that  where  the  wounded  are  placed  at  once  in  hospitals 
where  the  discipline  of  asepsis  reigns,  there  is  no  cause  to  remove  an 
eye  for  the  sole  reason  of  warding  ofit'  a  sympathetic  ophthalmitis. 
There  is  no  hurry,  for  one  can  wait  a  few  days  at  least,  without  danger, 
unless  one's  hand  is  forced  by  pain  and  irritation. 

Large  openings  into  the  vitreous  chamber  with  a  loss  of  vitreous  up 
to  fully  20  per  cent,  of  its  bulk  may  be  closed  by  suture  and  con- 
junctival covering  and,  if  not  infected,  not  seldom  yield  surprising 
results  in  terms  of  practical  A'ision.  Active  infection  does  not  neces- 
sarily mean  enucleation,  for  the  curative  value  of  massive  subcon- 
junctival injections  of  cyanid  of  mercury,  especially  when  used  early, 
is  well  known  and  should  be  even  nu)re  generally  employed  than  it  is, 
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together  with  the  internal  nse  of  calomel  and  salicylates  when  the 
injury  involves  the  ciliary  region. 

Where  both  eyes  are  blind  or  are  ruptured  they  should  be  left, 
save  only  in  the  presence  of  panophthalmitis.  If  they  are  both  blind 
and  contain  foreign  bodies,  so  long  as  these  bodies  have  not  led  to 
local  inflammation  and  persistent  discomfort,  they  need  not  be  ex- 
tracted. Where  both  eyes  are  blind  and  painful  and  contain  no  for- 
eign bodies,  the  removal  of  which  might  restore  comfort,  the  massive 
injection  of  cyanid  of  mercury  often  relieves  pain,  assists  in  resolu- 
tion of  the  inflammatory  process  and  hastens  cicatrization.  If  this 
measure,  combined  with  heavy  dosage  with  salicylates  and  the  relief 
of  every  possible  general  source  of  low  grade  infection  fails,  it  is 
better  to  attempt  opticociliary  resection  before  finally  being  forced 
to  enucleate,  a  finality  which  is  exceedingly  rare  under  such  con- 
ditions. 

Judging  from  a  considerable  experience,  enucleation  under  local 
anesthesia  is  to  be  commended  without  reserve  except  wdtli  highly 
nervous  men  and  in  the  presence  of  orbital  suppuration.  Its  com- 
plete painlessness  even  when  used  with  greatly  injected  eyes,  the  lack 
of  shock  and  the  relative  absence  of  bleeding  all  commend  it,  al- 
though it  is  wiser  to  use  general  anesthesia  when  fat  implantation  is 
to  be  employed  in  place  of  the  more  common  implantation  into  Tenon 's 
capsule  of  glass  spheres  or  of  the  bone  or  cartilage  protheses  of 
Lapersonne  and  others. 

Collins  (Doyne  Lecture)  suggests  that,  aside  from  the  usual  opera- 
tions for  paralytic  or  traumatic  ptosis  after  enucleation,  a  useful  trick 
is  to  affix  to  the  glass  eye  just  above  the  limbus  a  small  projecting 
ledge  of  clear  glass  in  order  to  catch  and  hold  up  the  upper  lid. 

IV,    SYMPATHETIC  OPHTHALMITIS. 

Our  recent  conceptions  of  the  origin  of  sympathetic  ophthalmitis 
are  in  process  of  revision  as  a  result  of  the  altogether  unexpected 
rarity  of  its  appearance  among  the  tens  of  thousands  of  eye  injuries 
which  occurred  during  the  late  war. 

A  survey  of  the  literature  of  this  subject  up  to  the  outbreak  of  the 
war  shows  how  deeply  our  views  had  been  tinctured  by  the  incorrect 
observations  and  false  deductions  of  the  German  observers  in  the  war 
of  1870,  who  reported  the  occurrence  of  sympathetic  ophthalmitis  in 
55  per  cent,  of  the  cases  of  ocular  injuries,  statistics  which  indicated 
that  the  sound  eye  was  damaged  by  the  injured  one  in  every  second 
case  of  injury.     The  events  of  this  later  war,  however,  proved  the 
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inaccuracy  of  the  data  and  led  to  their  further  examination,  as  a 
result  of  which  Dimmer  {Klin.  Monatsh.  f.  Aiigenh.,  Vol.  57,  p.  257), 
Weekers  (Ann.  d'OcnI.,  eliv,  4)  and  others  concluded  that  the  Ger- 
mans had  included  in  their  statistics  all  tlie  cases  of  traumatic  reflex 
neurosis  and  all  cases  of  fuiu'tional  distur))ances  in  the  uninjured 
eye,  such  as  laclirymation,  photophobia  and  asthenopia.  A  careful 
study  of  the  histories  of  all  the  cases  re]>orted  shows  tliat  not  a  single 
case  of  undoubted  sympathetic  ophtlialmitis  was  recorded,  althougli 
sympatlietic  irritations  were  observed  repeatedly. 

It  will  be  several  years  yet  before  the  exact  number  of  cases  of  sym- 
pathetic ophthalmitis  referable  to  this  Avar  can  be  tabulated  and 
studied  and  more  light  shed  upon  its  relation  to  intraocular  foreign 
bodies,  to  the  injury  of  uveal  tissue  and  to  infection.  Nearly  every 
theory  of 'causation  advanced  to  date  seems  untenable  when  applied 
to  the  enormous  number  and  diversity  of  eye  wounds  furnished  by  this 
war  and  the  rarity  of  this  peculiar  inflammation.  Surely  if  the  spe- 
cific anaphylactic  effect  of  uveal  tissue  were  the  potent  factor  claimed 
by  its  proponents ;  if  infection  of  some  specific  microbial  nature  holds 
the  role;  if  remote  infectious  processes  in  the  teetli,  gums,  tonsils, 
intestines  or  genito-urinary  tract  supply  the  unknown  nuitet^ies  morhi; 
or  if  autotoxic  chemical  poisons  of  intestinal  elaboration  furnish  this 
irritative  agent,  such  factors  Avoidd  have  been  active  in  the  produc- 
tion of  so  characteristic  a  condition  in  numbers  far  greater  than  tlie 
score  or  two  of  typical  cases  which  liaA'e  been  reported. 

riarbridge  {Amcr.  Jour.  Ophfhal.,  April,  1919,  p.  270),  speculating 
upon  the  origins  of  sympathetic  ophthalmitis,  says:  "It  is  difficult 
to  believe  that  the  causative  agent  of  sympathetic  iridocyclitis  is  al- 
Avays  resident  in  the  injured  eye  alone,  and  that  it  is  the  sole  etiologic 
factor  to  be  considered  in  accounting  for  the  changes  in  its  felloAv. 
If  it  Avere,  lioAV  can  those  cases  be  explained  in  AA'hich  useful  vision  is 
retained  in  the  originally  injured  eye,  and  yet  the  sympathizing  eye 
is  lost.  It  seems  reasonable  to  believe  that,  if  the  agent  is  virulent 
enough  to  destroy  the  sympathizing  eye,  surely  ,it  AA-ould  produce  a 
like  result  in  the  one  originally  involved,  especially  in  vicAv  of  the  fact 
that  its  uveal  tissue  has  already  been  damaged. 

"These  clinical  observations  are  of  interest  in  connection  with  cer- 
tain histologic  knoAvledge.  PreA'ious  to  the  severity  of  an  attack  of 
sympathetic  iridocyclitis  more  or  less  discrete  granular  elcA'ations  in 
the  choroid  have  been  observed.  In  destroyed  eyes,  Avhich  liave  been 
enucleated  and  examined  microsco])ically  the  uveal  tract  shoAvs  iso- 
lated accumulations  or  elevated  formations  of  proliferating  epitheloid 
cells.     The  various  stages  of  progression,  and  more  or  less  isolation, 
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of  these  nodular  formations  is  strong  evidence  of  their  independent 
development,  the  agent  being  deposited  at  these  several  points  at  vary- 
ing intervals. 

"If  this  is  correct,  the  natural  medium  of  transmission  would  be 
the  blood  current.  The  agent  may  be  in  part  or  wholly  derived  from 
the  primary  injured  eye,  yet,  it  seems  good  reasoning  to  believe,  es- 
pecially in  view  of  the  above  clinical  experience,  that  other  foci  of 
infection  are  not  only  contributing  factors,  but  may  be  the  essential 
source,  by  reason  of  the  ease  with  which  the  blood  stream  can  convey 
these  agents  from  one  part  to  another. 

"The  intimate  association  of  sympathetic  iridocyclitis  with  the 
uveal  tract,  and  the  almost  uniform  accompanying  penetrating  wound 
of  the  eye  capsule,  arouses  interest  in  contemplating  the  many  per- 
forating injuries  to  the  globe  which  are  never  followed  by  any  evi- 
dence of  this  malad.v.  The  vast  majority  of  penetrating  wounds  heal 
and  remain  quiet,  or  at  least  they  do  not  inaugurate  inflammatory 
changes  in  the  felloAv  eye.  It  is  inconceivable  to  believe  that  the}'  are 
all  aseptic.  Doubtless  in  many  instances,  likely  the  majority,  the 
bacteria  that  find  access  to  the  parts  are  benign,  or  at  least  of  such 
a  strain  as  do  not  possess  any  special  affinity  for  uveal  tissue.  If  they 
were  immediately  virulent  at  the  time  of  injury  prompt  destruction 
of  the  injured  eye  would  ensue. 

"If  the  proper  bacteria  gain  entrance  at  the  time  of  injury,  clinical 
evidence  indicates  that  certain  preparation  must  take  place,  as  they 
do  not  become  active  for  several  Aveeks,  and  in  some  reported  in- 
stances, years.  This  view  is  quite  in  accord  Avitli  KosenoAv's  Avork. 
Certain  strains  of  bacteria,  especially  streptococci,  have  a  selective 
tissue  atifinity,  or  they  are  able  to  dcA'elop  this  affinity  by  groAving  in 
certain  tissue,  as,  for  example,  injured  UA^eal  tissue. 

"It  is  quite  in  keeping  Avith  the  clinical  course  of  sympathetic 
iridocyclitis  to  say  that  streptococci,  or,  perchance,  some  other  micro- 
organism, infect  the  injured  uveal  tissue  of  one  eye,  at  the  time  of 
injury  or  subsequently,  from  some  other  body  focus ;  and  after  a  cer- 
tain interval  they  develop  an  enhanced  ability  to  attack  and  destroy 
similar  tissue  in  the  other  eye.  The  time  interval  is  just  as  much  in 
favor  of  this  as  it  is  in  favor  of  the  development  of  tissue  sensitive- 
ness. In  vieAv  of  reported  cases  of  sympathetic  iridocyclitis  in  eyes 
Avith  intraocular  groAvths  this  seems  especially  adaptable  as  an  ex- 
planation, the  injured  uveal  tissue  affording  the  necessary  cultural 
media,  the  bacteria  being  supplied  from  some  endogenous  source. 

"The  results  obtained  in  the  experimental  Avork  on  anaphylaxis  have 
all  been  on  loAver  animals.    The  fact  that  sympathetic  iridocyclitis  is 
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seen  less  frequently  speaks  against  anaphylaxis.  Surgical  precautions 
■would  not  atfect  the  development  of  anaphylaxis  in  an  injured  e^-e, 
but  would  prevent  bacterial  destruction  of  tissues  by  removing  the 
media  suitable  for  bacterial  growtli.  From  the  increasing  number  of 
eye  injuries,  and  the  decreasing  occurrences  of  sympathetic  iridocy- 
clitis, possibly  as  a  result  of  surgical  interference,  even  -when  the 
globe  is  penetrated  and  tissues  destroyed,— if  it  Avere  anaphylaxis, — 
we  would  expect  the  number  of  cases  to  keep  pace  with  the  number 
of  eye  accidents,  but  they  do  not. 

"A  fuller  understanding  of  the  nature  of  sympathetic  iridocyclitis 
demands  a  more  searching  investigation  for  possible  related  processes 
in  other  parts  of  the  body." 

A  negative  and  practically  conclusive  observation  made  during  the 
war  has  proven  most  important,  however,  as  a  means  of  elimination 
of  i^ossible  causes  of  this  condition  no  less  tliau  of  serving  to  change 
our  point  of  view.  It  is  an  established  fact  that  a  chemically  inert 
and  sterile  foreign  body  does  not  of  itself  cause  sympathetic  oph- 
thalmitis. The  significance  of  this  fact  is  tremendous  in  its  relation 
to  the  military  and  civil  treatment  of  eyes  containing  non-magnetic 
bodies  in  inaccessible  positions,  or  foreign  bodies  whose  removal  has 
been  neglected.  Shoemaker  {jimer.  Jour.  Ophthal.,  Aug.,  1919,  p. 
593)  states,  in  this  connection:  "The  universal  teaching  a  few  years 
ago  made  the  removal  of  such  eyes  obligator}".  Not  to  do  it  was  then 
malpractice.  To  do  it  now,  per  se,  is  practice  equally  bad.  It  all 
hinges  on  the  question  of  sympathetic  ophthalmitis  and  I  know  of  no 
disease  that  has  so  failed  to  make  good  during  the  war,  with  such  un- 
limited opportunity,  as  has  sympathetic  ophthalmitis  due  to  the  re- 
tention of  a  foreign  body  within  the  eyeball." 

The  rarity  of  the  condition  in  war  injuries  has  been  very  generally 
ascribed  to  the  asepsis  and  antisepsis  which  are  now  so  generalized,  to 
more  accurate  diagnosis,  to  the  more  prompt  and  more  vigorous  ap- 
plication of  treatment,  to  the  healthy  condition  of  the  soldier  whicli 
may  make  him  less  susceptible  to  disease  and,  finally,  and  stressed 
most  frequently,  to  early  preventive  enucleation. 

With  regard  to  the  last  of  these  factors  it  is  well  known  that  sym- 
pathetic inflammation  generally  appears  within  the  first  year  after  in- 
jury, usually  after  the  fourth  week,  and  most  frequently  between  the 
sixth  and  the  twelfth  week.  Dimmer  comments  that  if  it  could  be 
shown  in  a  very  large  number  of  war  injuries  that  sjTupathetic  oph- 
thalmia was  observed  almost  without  exception  where  the  injured  eye 
was  removed  relatively  late,  i.  e.,  after  the  sixth  week;  and  if  the  num- 
ber of  sympathetic  ophthalmias  is  a])out  the  same  as  that  which  we 
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ordinarily  Und  after  injuries  or  eye  diseases  which  are  prone  to  cause 
sympathetic  ophthalmia,  then  we  would  have  to  conclude:  that  the 
marked  reduction  in  the  number  of  sympathetic  ophthalmJas  in  war 
injuries  is  due  to  limely  enucleation,  a  fact  tliat  would  deserve  the 
widest  publication.  But  tliat  enucleation  does  not  entirely  guard 
ag-ainst  this  sequel  is  shown  l\v  Schick  (Heidelberg  Ophthal.  Congress, 
1916)  who  details  seven  cases  which  have  followed  preventive  enuclea- 
tion after  shot  wounds  and  another  which  followed  optico-ciliary  re- 
section. The  wounded  eye  was  enucleated  in  four  cases  at  a  time  when 
the  other  eye  was  apparently  completely  healthy,  and  in  the  other 
three  the  removal  followed  the  outbreak  of  sympathetic  trouble.  The 
course  of  all  these  cases  was  benign.  The  conclusion  has  been  reached 
very  generally,  however,  that  the  prognosis  is  notably  better  in  those 
cases  where  enucleation  has  been  performed  before  the  appearance 
of  the  sympathizing  inflammation. 

Cousins  {Arch.  d'Ophtal.,  Dec,  1916)  calls  attention  to  the  not  in- 
frequent cases  of  sympathetic  irritation  which  are  produced  in  the 
uninjured  eye  in  consequence  of  injury  to  its  fellow,  with  the  idea 
of  carefully  differentiating  them  from  true  sympathetic  ophthalmitis. 
The  symptoms  in  the  wounded  eye  are  pain,  tenderness  on  pressure, 
lachrymation,  conjunctival  injection  and,  less  constantly,  photophobia. 
These  persist  even  after  cicatrization  is  complete  although  in  varying 
degree  and  with  occasional  exacerl)ations.  The  symptoms  noted  in 
the  unwounded  eye  reseml)le  those  in  the  injured  although  they  are 
less  severe  and  appear  from  36  houi's  to  ten  days  after  the  injury. 
Cousins  considers  photophobia,  tearing,  discomfort  in  close  work  and 
reduction  of  the  visual  acuity  from  1/10  to  1/2  as  characteristic. 
Ophthalmoscopic  signs  are  negative.  These  symptoms  are  not  relieved 
by  medical  treatment  of  any  nature  and  finally  demand  enucleation, 
which  is  followed  by  prompt  symptomatic  relief,  although  the  visual 
recover}"  may  be  slow. 

Arnold  Lawson  {Brit.  Jour.  Ophthal.,  Oct.,  1917,  p.  640)  summar- 
ized the  warning  signs  which  will  notify  the  surgeon  that  he  is  taking 
undue  risks  as  follows : 

"1.  Protracted  and  intractable  cyclitis  or  general  uveitis,  which 
goes  on  for  week  after  week  in  spite  of  treatment. 

2.  The  gradual  supervention  of  an  increasing  lowering  of  the  intra- 
ocular tension,  which  is  always  accompanied  by  progressive  failure  of 
sight. 

3.  Continual  photophobia  and  sympathetic  neurosis  affecting  the 
other  eye. 

4.  The  condition  of  the  blood  count"  in  that  a  mononuclear  Icuco- 
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cytOfsis  appears  although  Gift'ord  declares  this  last  sign  to  be  evident  in 
all  chronic  ocular  intiamniations.  ''Perhaps  the  most  important  of 
these  signs  is  the  increasing  reduction  of  the  intraocular  tension.  It 
is  the  most  unfavorable  sign  we  can  have  as  regards  the  vision,"  and 
when  once  the' eye  has  become  markedly  minus  in  tension  in  the  fellow 
eye,  there  can  be  no  doubt  of  the  prudence  of  removal. 

No  great  value  can  be  gained  by  a  statistical  study  of  the  cases  of 
sympathetic  ophthalmitis  of  military  origin  reported  to  date.  Those 
cases  given  in  detail  have  much  of  interest  and  the  reader  is  advised 
to  consult  the  originals  for  this  detail.  The  most  extensive  com- 
munication on  the  subject  that  has  yet  appeared  is  that  of  Morax 
(Ann.  d'Ocul.,  cliv,  Dec,  1917  ;  abstracted  in  detail  in  the  British  Jour. 
Ophfhal.,  Aug.,  1918,  p,  444).  This  valuable  paper,  which  largely 
fulfils  Dimmer's  requirements,  is  a  compilation  of  the  work  done  by 
the  foremost  ophthalmologists  doing  military  work  in  France,  the  list 
including  the  names  of  Aubineau,  Cantonnet,  Chaillous,  Chevallereau, 
Coutela,  Dor,  Dupuy-Dutemps,  Frenkel,  Kalt,  Galezowski,  Legrange, 
de  Lapersonne,  Petit,  Rochon-Duvigneaud,  Rollet,  vanSchevensteen, 
Valude,  Poulard  and  others. 

Character  of  the  initial  wound.  In  all  cases,  except  one  in  which 
sympathetic  ophthalmitis  came  on  after  iridocyclitis  following  per- 
foration of  a  corneal  ulcer,  there  had  been  a  penetrating  wound  of  the 
cornea  or  anterior  part  of  the  sclera,  usually  (31  cases)  penetration 
by  fragment  of  bullet,  shrapnel  or  bomb,  or  in  a  small  number  of 
cases  (4)  accidental  puncture,  or  in  3  cases  (2  cataract,  1  iridectomy) 
operative  interference.  Tn  a  good  many  of  the  cases  iris  or  ciliary 
body  prolapse  was  noted,  incarceration  14  times  at  least,  while  an  in- 
traocular foreign  body  was  present  in  10  of  the  39  cases.  Sj'm- 
pathetic  ophthalmitis  coming  on  after  intervention  may  be  due  to  the 
original  injury  rather  than  to  tlie  operation,  but  in  one  case  of  con- 
tusion the  operation  for  traumatic  cataract  was  followed  by  sym- 
pathetic ophthalmitis.  .Vo  pure  case  of  contusion  was  followed  h]/ 
sijinpathetic  i)iflannnation.  which  would  support  the  usual  theory  of 
infection  and  negative  the  anaphylactic  theory  of  Elschnig. 

Role,  of  the  operations  practised  before  the  appearance  of  the  sjjm- 
patJietic  inflammation.  Tutcrveutioiis  undertaken  with  the  object  of 
preventing  immediate  infection  or  sympathetif  infection  were  con- 
junctival flaps,  resection  of  iris,  etc.,  or  evisceration  and  enucleation. 
The  accompanying  table  shows  the  number  of  days  after  the  trauma 
when  the  operation  was  done  and  the  number  of  days  after  operation 
l)efore  sympathetic  op1itlialmi;i  np])enred. 
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SYMPATHETIC    OPHTHALMITIS 


Operation. 


Interval 
after 


trauma. 

Conjunctival  flap    28  days 

Conjunctival  flap   2  months 

Conjunctival  flap    1  month 

Conjunctival  flap   27  days 

Resection  of  iris 1  month 

Resection  of  iris 24  hours 

Ablation  ant.  segment  48  days 

Evisceration 57  days 

Evisceration 4  days 

Enucleation    32  days 

Enucleation    14  days 

Enucleation  ^ 15-20  days 

Enucleation    58  days 

Enucleation    33  days 

Enucleation    39  days 

Enucleation    69  days 

Enucleation    46  days 

Enucleation    45  days 

Enucleation    40  days 

Enucleation    31  daVvS 


Time  before 
sympathetic 
ophthalmia 
appeared. 
50  days 
9  days 
? 

2  days 

31  days 

32  days 

3  months 
1  month 
1  month 

12  days 
22  days 

1  month 

2  days 
10  days 

16  days 
41  days 

3  days 

17  days 

3  months 
2  davs 


This  table  shows  that  one  must  fear  sympathetic  ophthalmia  in  the 
first  three  months,  especially  in  the  second  month,  but  after  the  third 
month,  it  is  exceptional.  Enucleation  within  the  first  two  weeks  2vill 
prevent  the  development  of  sympathetic  ophthalmia  in  most  cases. 
Morax  believes  that  evisceration  of  the  glohe  ought  to  he  rejected  and 
speaks  of  the  development  of  sympathetic  ophthalmia  after  eviscera- 
tion in  a  case  of  Kalts.  No  signs  or  symptoms  seem  to  aid  in  the 
prognosis  of  an  individual  case.  T'^sually  the  eye  remains  irritable 
and  tender  with  photophobia,  but  not  all  such  are  dangerous,  for  many 
fail  to  show  the  characteristic  uveal  changes.  The  end  result  may  be  a 
cure  in  some  weeks  or  even  a  year.  On  the  other  hand,  there  may  be 
great  destruction  of  the  globe  with  lessened  or  increased  tension  and 
atrophy.  In  the  series  reported,  ])enign  cases  were  predominant,  show- 
ing the  following  end  results  : 

Blindness  or  practical  blindness  in  twelve  cases,  vision  0.1  in  one 
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ease,  suicide  in  one  case.  Vision  of  0.5  to  1  in  twenty  cases,  vision  of 
0.3  to  0.4  in  five  cases.  Fourteen  ended  badl}'  and  the  remaining 
twenty-five  ended  favorably. 

Probably  all  observers  expected  an  increase  in  s.ynipatlietic  oph- 
thalmia as  a  result  of  the  many  injuries  to  eyes  during-  the  war.  Laper- 
sonne  saw  one  in  military  service  and  two  in  civil  practice,  as  did 
Sexe.  Sourdille.  however,  did  not  see  a  single  case  in  more  than  three 
thousand  militaiy  wounded,  but  five  in  civil  practice,  three  of  which 
resulted  in  blindness. 

At  the  Lariboisiere  Ophthalmic  Centre,  from  September,  1914,  to 
November  23,  1917,  there  had  been  seen  6,265  military  cases  with  only 
one  sympathetic,  and  23,832  civil  cases,  with  five  cases  of  the  disease; 
one  of  which  ended  in  blindness,  three  in  full  vision  and  one  in  5/10 
vision ;  as  a  result  of  mercurial  injections  and  novarsenobenzol  intra- 
venously combined  with  enucleation.  All  five  had  the  first  eye  exam- 
ined microscopically  and  the  characteristic  picture  confirmed,  one  case 
of  injury  with  copper  fragment  developing  sympathetic  disease 
twenty-five  months  after  the  injur}'. 

Elschnig  (Graefe's  Archiv.  f.  Ophih..  Vol.  92,  p.  505)  reports  5 
cases,  in  one  of  which  the  sympathetic  affection  manifested  itself  3 
days  after  evisceration  and  in  another  14  days  after  enucleation  of  the 
eye  primarily  affected.  Cases  are  reported  by  Sachs,  Krusius,  and 
Birch-Hirsclifeld  {Klin.  Monatshl.  f.  AugcnJieilk.,  p.  257,  1916),  the 
last-named  describing  an  injury  by  a  splinter  of  a  bomb,  18  days 
before  the  case  came  to  tlie  hospital.  The  eye  showed  a  mild  iridocy- 
clitis; few  precipitates  on  Descemet's  membrane;  cataract;  globe 
slightly  tender  to  the  touch ;  and  movements  visible  directly  in  front 
of  the  eye.  Enucleation  was  resorted  to  at  once.  Two  days  later,  the 
fellow  eye  showed  typical  signs  of  sympathetic  disease.  M.  Sachs  made 
an  oral  report  of  a  case.  The  eye  was  enucleated  late,  and  shortly  after 
the  enucleation,  typical  .sympathetic  disease  appeared  in  the  fellow 
eye.  The  statements  of  Krusius  are  too  general  to  permit  of  any 
definite  conclusions. 

Wessely  notes  {Milncli.  mcd.  ^yoch..  1917.  ]).  1621)  that  up  to  the 
time  of  his  report  but  8  cases  had  been  seen  in  the  German  army. 
Angelucci  (Archir.  ell  Ottal.,  1917,  p.  159)  describes  his  sole  case;  that 
of  a  young  officer  whose  left  eye  was  enucleated  two  days  after  the 
wound.  After  the  third  week  became  aware  of  the  first  symptoms 
of  visual  deficiency,  especially  in  the  upper  sector  of  the  visual  field. 
While  at  home  on  leave  of  absence  there  was  an  alternation  of  de- 
terioration and  impi-ovenient ;  after  four  months  he  could  liardly  find 
his  way  about.    He  came  to  the  clinic  with  tlie  stump  extremely  pain- 
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fill  beneath  the  glass  eye.  After  the  iridoehoroidal  sj-mptoms  had 
almost  disappeared  from  the  right  eye,  the  visual  field  and  the  oph- 
thalmoscopie  appearance  revealed  a  classic  process  of  retrobulbar 
neuritis,  the  papilla  was  whitish  and  slightly  obscured,  the  arterial 
vessels  very  slender,  and  some  of  the  veins  markedly  congested.  After 
urgent  removal  of  the  painful  cicatricial  stump,  and  under  endovenous 
injections  of  sublimat  in  one  per  cent,  solution,  iodid  of  arsenic  and  of 
strychnin,  the  vision  rose  in  a  short  time  to  7/10. 

Schevensteen  {Ami.  d'Ocid.,  Vol.  155,  p.  392)  cites  the  history  of  a 
patient,  in  war  August  19,  1917,  who  was  discharged  October  18,  1917, 
with  a  complete  traumatic  cataract.  Vision  of  the  other  eye  was 
normal.  On  November  21st  the  cataract  was  extracted,  the  patient, 
however,  squeezed  his  lids,  causing  a  hernia  of  the  iris,  which  was 
excised.  The  anterior  chamber  filled  with  blood  which  showed  little 
tendency  to  absorb,  but  on  December  15th  the  eye  was  normal.  Janu- 
ary 9th  the  other  eye  became  painful  and  in  two  days  was  injected, 
with  photophobia,  Descemet's  deposits,  tension  slightly  minus  and 
vision  0.4.  On  January  14th,  the  symptoms  persisting,  the  eye  was 
enucleated.  January  31st  some  papillitis,  novarsenobenzol  was  given 
twice.  Improvement  was  gradual  until  April  1,  1918,  when  cured. 
Microscopic  examination  of  the  enucleated  eye  showed  incarceration 
of  the  iris  in  the  corneal  wound,  with  infection  and  the  uveal  changes 
characteristic  of  sympathetic  ophthalmia. 

Poulard  claims  enucleation  did  not  ])revent  sym})athetic  ophthalmia 
developing  four  months  later  but  his  case  is  so  unusual  and  the  diag- 
nosis so  uncertain  that  a  brief  review  is  worth  while. 

The  man  was  wounded  on  the  right  eye  by  a  piece  of  shell,  April 
30,  1915,  May  11th,  it  was  painful,  soft,  with  hyphema,  and,  by 
radiography,  an  intraocular  foreign  body  was  located  June  9,  enun- 
cleation  was  done.  At  the  end  of  September  the  sight  of  the  left  eye, 
Avhich  had  kept  perfect,  began  to  fail,  and  he  consulted  Poulard.  On 
October  1,  vision  was  one-fourth,  much  floating  vitreous  opacity,  slight 
signs  of  iritis  present  and  the  fundus  showed  peripheral  choroiditis 
with  small  brownish  spots.  On  October  12th,  more  vitreous  opacity, 
iris  markedly  affected,  with  pupillary  exudates  and  synechiae,  two  small 
spots  of  corneal  infiltration,  tension  normal,  vision  eciual  one-fifth. 
There  was  steady  progress  of  iris  infiltration  with  pupillary  exudate, 
the  vision  lost,  the  eyeball  became  small  and  atrophic.  There  was  no 
report  of  the  general  examination  details  or  pathologic  eye  findings. 
Th^  eye  was  quiet  for  four  months  and  then  in  the  next  two  months, 
the  sight  was  destroyed. 

McKee  (Canadian  Med.  Assocn.  Juar.,  Feb.,  1018,  ]i.  108)  saw  jwo 
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cases  of  sympathetic  ophthalmitis  among  about  3000  ophthalmic  cases, 
but  gives  no  details.  JMoore  [Lancet,  Feb.  22,  1919,  p.  300)  reports  a 
case  of  sympathetic  ophthalmitis  with-  fundus  changes,  developing 
during  the  progress  of  the  disease  and  visible  throughout  the  course. 

The  man  had  a  penetrating  wound  of  the  right  eye,  and  presented 
himself  with  a  prolapse  of  the  iris  and  ciliary  body.  The  prolapse 
was  removed  on  the  seventh  day  after  the  wound  and  the  eye  was 
taken  out  a  fortnight  later. 

The  first  sign  of  anything  amiss  with  the  left  eye  occurred  20  days 
after  enucleation  of  the  right,  in  the  form  of  slight  mistiness.  Two 
days  later  there  was  slight  tenderness  on  palpation,  and  a  fine  deep 
haze  was  present  in  the  lower  part  of  the  cornea.  The  fundus  was 
normal,  but  tliere  was  some  distention  of  veins.  The  appearance  of 
the  central  part,  around  the  stump  of  the  optic  nerve,  caused  the 
author  to  suspect  that  uvea  had  been  left  behind;  but  it  was  found 
that  the  eye  had  been  cleanly  removed  and  there  was  no  uveal  pig- 
ment left. 

Six  weeks  after  the  original  wound  there  was  a  fresh  crop  of  kera- 
titis punctata  spots.  The  blood  count  was  normal.  Radiography  did 
not  reveal  any  foreign  bod}';  Wassermann  negative.  There  was  a 
marked  increase  in  the  keratitis  punctata,  but  later  that  disappeared, 
though  it  subsequently  reappeared.  Five  doses  of  neosalvarsan  were 
given. 

Doyne  reports  an  interesting  case  resembling  sympathetic  ophthal- 
mitis Avhere  a  fragment  of  shell  struck  a  man's  rifle  while  he  was  sight- 
ing through  a  loop-hole  and  richoeheted  into  his  left  eye.  A  macula 
of  the  left  cornea  together  with  a  small  rosette-like  opacity  in  the  lens 
marked  the  course  of  the  foreign  bod}',  and  set  into  the  margin  of  the 
disc  a  metallic-like  particle  appeared,  about  half  the  size  of  the  papilla. 
Eight  weeks  later  frank  papilledema  was  apparent  in  the  other  eye. 

Aside  from  the  consistency  with  which  preventive  enucleation  is 
urged  in  all  quarters,  an  attitude  freely  justified  by  Morax  statistics 
given  above,  no  especial  therapeutic  novelties  in  the  treatment  of  s^'m- 
patlietic  ophtlialmitis  have  appeared  during  the  war.  The  rigorous 
elimination  of  all  associated  infections  in  the  tectli,  tonsils,  nasal 
sinuses,  intestines  and  genito-urinary  tract  is  being  urged  with  in- 
creasing insistency;  highly  acid  and  toxic  stools  must  be  overcome  by 
dietary  regulation,  thorough  catharsis  and  colon  irrigations ;  and  pilo- 
carpine sweats,  mercurial  inunctions  (much  employed  by  the  Germans 
but  considered  by  the  British  to  be  without  influence)  and  the  early 
and  high  dosage  of  salicylates  by  the  method  which  has  afforded  Gif- 
ford  such  brilliant  results  are  still  the  medical  sheet-anchors.     Tt  is 
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now  clearly  recognized  that  injuries  which  involve  the  iris  and  ciliary 
region  must  he  watched  with  the  greatest  solicitude  and  that  from  the 
first  possible  moment  foUoM'ing  the  injury  every  means  of  preventing 
secondary  infection  must  be  adopted.  Free  irrigation  of  the  eye  and 
careful  mechanical  cleansing,  followed  by  the  application  of  tincture 
of  iodine  to  the  edges  of  all  wounds;  the  closure  of  all. open  wounds 
by  suture  or  conjunctival  coverings;  the  lavish  employment  of  1-3000 
bichloride  of  mercury  ointment ;  and  the  earl}-  use  of  massive  injec- 
tions of  cyanide  of  mercury  beneath  the  conjunctiva,  to  modify  begin- 
ning infection,  are  all  invaluable  local  measures  to  that  end. 

v.    INJURIES   OF    THE    ORBITS    AND    ADNEXA. 

It  is  mainly  by  means  of  associated  orbital  injuries  that  ocular 
wounds  become  matters  of  general  importance  and  gravity.  When 
such  injuries  occur,  the  eye  lesions  are  likely  to  be  more  or  less  over- 
shadowed by  the  problems  which  arise  from  breaching  of  the  cranial 
fossffi,  from  injury  to  the  sinuses  and  great  vessels  which  cluster  near 
the  orbital  apices,  from  the  consequences  of  the  wide-spread  destruc- 
tion of  the  bony  barriers  between  orbits  and  the  nasal  fossas  and, 
finally,  from  the  hideous  mutilations  and  extreme  tissue  defects  which 
result  so  frequently  from  grossly  lacerating  shell  fragments  and  ob- 
lique bullet  perforations. 

The  anatomical  position  of  tlie  eyes  in  the  head  whereby  they  are 
shielded  so  effectually  against  ordinary  trauma,  in  the  case  of  the 
highly  energized  missiles  of  battle,  is  converted  into  a  menace  to  the 
sight.  The  orbital  buttresses  no  longer  serve  as  protective  bulwarks 
but  are  crushed  in  under  the  impact  of  bullet  and  shell  fragments  and 
do  irremediable  damage  as  secondary  missiles,  not  alone  to  the  eyes, 
but  too  often  to  the  brain  and  the  great  nasal  cavities. 

Orbital  injuries  may  be  grouped  into  (a)  injuries  of  the  bony  orbital 
wall  and  of  the  contents  of  the  orbit  and  (b)  injuries  of  the  bony  or- 
bital wall  and  of  the  adjacent  extraorbital  structures.  This  classifica- 
tion, like  most  classifications  of  military  wounds  of  the  eyes ;  is  clearly 
em])irieal,  for  in  the  majority  of  orbital  injuries  the  damages  are  com- 
plex and  often  involve  the  bony  orbit,  its  contents,  the  structures  im- 
mediately contiguous  ajul  remote  structures  as  well. 

The  general  considerations  of  orbital  injuries  are  given  concisely 
under  the  heading  of  Wounds  of  the  Orhit,  in  Vol.  X,  of  this  Encyclo- 
pedia, pp.  7731-7742,  which  should  be  reviewed  in  this  connection. 
(A)  Tnjuri(>s  of  the  orl)ital  wall  associated  with  damage  to  the  or- 
bit;)] contents  are  chieflv  of  interest  through  the  indirect,  and  to  a  less 
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degree,  the  direct  coiieussioii  and  contusion  borne  by  the  ocular  coats 
and  intraocular  contents  as  the  result  of  transmission  of  the  energy 
of  impact  sustained  by  the  bony  orbit,  to  the  globe  and  its  contents, 
via  the  orbital  fat.  Tliis  al)sorbing  subject  has  been  treated  in  detail 
under  tlie  head  of  Ocular  Injuries  from  ('o)tcussioii  and  Contusion. 
Injuries  to  the  optic  nerve  are  also  discussed  in  detail  under  both  of 
the  references  just  cited  and  the  reader  is  further  referred  to  the 
works  of  Lagrange  {Les  Fractures  ele  VOrhite  par  Projectiles  cle 
Guerre  and  the  no  less  admirable  Atlas  cl'Ophtalmoscopie  cle  Guerre) 
for  striking  pictorial  evidence  of  the  bewildering  diversity  and  the 
gravity  of  these  lesions.  The  exceedingly  fatal  w^ounds  of  the  orbito- 
naso-cerebral  type  are  also  considered  under  cerebral  injuries. 

Lagrange  found  609  cases  of  orbital  injuries  among  2554  war  in- 
juries, showing  a  very  large  preponderance  of  orbital  fractures.  Of 
these  head  cases,  397  i.  e.,  65  i)er  cent,  were  healed  with  conservation 
of  the  globe;  212,  34.5  per  cent.,  witli  its  destruction;  105,  or  17.2  per 
cent.,  did  not  have  any  ocular  lesion,  whereas,  in  292,  or  47.9  per  cent., 
the  eye  was  injured  or  destroyed. 

The  ocular  lesions  noted  among  the  292  cases  were  atrophic  and  pig- 
mented chorioretinitis,  94 ;  chorioretinitis  prolif erans,  45  ;  detachment 
of  the  retina,  40  j  vitreous  hemorrhage,  31 ;  optic  atrophy,  29 ;  optic 
neuritis,  22 ;  section  of  optic  nerve,  12 ;  laceration  of  optic  nerve,  4 ; 
subluxation  of  the  lens,  2 ;  cataract,  7  ;  corneal  lesions  alone,  6.  In 
addition,  the  adjoining  nasal  sinuses  and  the  brain  were  involved 
in  154  cases ;  the  sensory  nerves  in  43,  the  muscles  in  27,  the  lachrymal 
passages  in  25  and  orbital  cellulitis  occurred  in  2. 

Lagrange  points  out  the  fact  that  the  fractures  of  the  cranium  by 
])rojecti]es  from  firearms  do  not  show  irradiation,  nor  do  they  show 
fracture  liy  contracoup,  contrary  to  many  met  with  in  civil  life,  where 
the  sphenoidal  fissure,  the  optic  canal  and  the  structures  contained 
therein  may  be  indirectly  affected.  Fractures  of  the  orbital  vault  in 
army  surgery  are  always  found  to  b(^  direct. 

Altliough  the  eyeball  is  pi-eserved  in  about  two-thirds  of  the  cases 
of  orbital  fracture  it  is  usually  affected  in  such  instances  (a)  by 
injury  to  its  nerves  and  vessels,  without  involvement  of  the  globe  itself 
in  direct  injury;  (b)  by  concussion  injuries;  (c)  by  missiles  which 
graze  tlie  globe  tangentially  without  rupture,  but  which,  by  forcing 
the  eye  against  the  orbital  wall,  cause  damage  at  the  point  of  contact 
with  ruptures  of  the  choroid  and  retina,  retinal  detachment  and  very 
frequent  macula  changes.  The  larger  lesions  are  usually  those  pro- 
duced bv  greater  degrees  of  violence  and  are  always  situated  on  ihe 
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side  corresponding  to  the  orbital  fracture.  The  details  of  these  con- 
ditions have  already  been  discussed  above. 

Wessely  {loc.  cit.)  states  that  about  half  of  the  cases  of  bilateral 
blindness  are  due  to  rifle  shots,  nearly  half  of  which  are  transverse 
shots  through  both  orbits.  Cosmetattos  reports  that  there  were  29 
cases  of  complete  destruction  of  both  eyes  in  the  Greco-Turko-Bul- 
garian  war.  Oguchi  found  a  total  of  53  such  cases  out  of  3,781  ocular 
injuries  in  the  Russo-Japanese  war.  Statistics  covering  this  subject 
and  particularh'  defining  the  frequency  of  blindness  from  perforation 
of  both  orbits  during  tlie  recent  war  are  not  yet  available.  Green- 
wood, however  [Ainer.  Jour.  Ophthal.,  August,  1919,  p.  580),  states 
that  the  totally  blinded  from  battle  injuries  will  be  slightly  less  than 
100  (A.E.F.) .  Obviously  such  injuries  will  have  run  into  the  thousands 
in  the  British  and  continental  armies.  Genet  (Lyon  Chir.,  Nov.  1, 
1916),  claiming  that  6  per  cent,  of  soldiers  having  serious  eye  injuries 
lose  both  eyes,  while  15  per  cent,  lose  one  eye.  It  is  remarkable  that  in 
a  number  of  cases  of  this  sort  reported  the  bullet  has  entered  one  temple 
and  emerged  through  the  other  without  any  loss  of  consciousness  froip 
so  grave  a  trauma. 

Retained  orbited  foreign  bodies.  Foreign  bodies  retained  in  the 
orbit,  for  the  most  part  cause  little  damage  and  orbital  phlegmon  from 
this  source  is  surprisingly  seldom  seen.  Shrapnel  apparently  from  its 
chemical  composition,  occasionally  excites  a  mild  inflammation,  in 
which  case,  if  the  size  and  position  of  the  missile  permit,  it  should  be 
extracted.  Small  particles  lying  deep  in  the  orbit  are,  hoAvever,  usually 
innocuous  and  should  be  left  unless  cellulitis  develops,  when  they 
usually  appear  with  the  pus  freed  by  incision  or  are  washed  out  by 
later  irrigation  with  saline  or  Dakin's  solution. 

There  are  four  points  of  interest  with  regard  to  orbital  foreign 
bodies:  (a)  the  frequency  with  which  fine  fragments  enter  the  orbit 
through  the  closed  lids  or  the  conjunctiva  without  discoverable  wounds 
of  entrance;  (b)  the  amazing  size  of  the  foreign  bodies  which  may  pass 
tlirough  the  interpalpebral  fissure  without  wounds  of  tlie  lid  and  which 
may  lie  concealed  far  liack  in  tlie  orbit  or  remain  firmly  lodged  in 
the  orbital  wall  with  more  or  less  intranasal  protrusion;  (c)  the  fre- 
quency with  which  missiles  enter  the  orbit,  with  or  without  destruc- 
tion of  the  eye,  but  pass  through  the  orbit  to  lodge  elsewhere  in  the 
face,  the  brain,  the  neck  or  even  in  the  trunk  and  (d)  the  diagnostic 
difficulty  produced  by  the  perforation  of  the  eye  by  a  small  foreign 
body  which  comes  to  rest  in  the  orbit  just  outside  the  sclera  or,  just 
protruding  from  the  sclera  into  the  orbital  fat. 

Wlien  the  characteristic  symptoms  of  intraorbital  conditions  exist. 
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such  as  edema  of  the  lids,  ehemosis,  proptosis,  and  fixation  of  the  globe 
to  any  degree,  and  these  have  appeared  after  a  projectile  wound  or 
even  an  uncertain  injury  in  the  neighborhood  of  the  orbit,  it  is  highly 
suggestive  of  a  foreign  body  in  tliat  cavity.  If  stereoradiography  is 
negative  the  treatment  slionld  be  symptomatic  and,  in  the  case  of  small 
foreign  bodies,  expectant.  Larger  foreign  bodies  should  be  extracted 
at  once  not  through  the  conjunctiva  where,  as  Derby  suggests,  the  en- 
largement and  bruising  of  the  wound  will  leave  a  bad  scar  but,  rather, 
through  an  incision  in  the  skin  of  the  lid  on  a  line  corresponding 
to  the  orbital  margin.  A  good  incision  for  a  free  access  to  the  orbit 
is  on  a  vertical  line  starting  from  the  outer  extremity  of  the  brow, 
extending  downwards  1  cm.  on  the  outside  of  the  external  commissure 
and  curving  toward  the  nose  for  about  2  cm.  along  the  lower  orbital 
margin.  This  incision  has  the  double  advantage  of  avoiding  the  open- 
ing of  the  conjunctiva  and  of  sparing  the  facial  nerve  fibers  going  to 
the  orbicularis.  The  orbital  periosteum  is  then  easily  separated  to  the 
tip  of  the  orbit  and  the  finger  introduced  deep  into  the  Avound  can  feel 
the  foreign  body.    If  this  fails  the  fluoroscope  may  be  used. 

The  concurrence  of  reduced  ocular  tension  and  a  scleral  or  corneal 
wound  does  not  deny  the  possibility  of  a  perforating  wound  of  the 
globe  with  lodgement  in  the  orbit,  and  in  such  cases,  with  or  without 
tension  changes,  a  slight  proptosis  may  furnish  the  diagnostic  refine- 
ment which  may  be  lacking  even  with  the  radiogram.  Cases  of  this 
sort  are  to  be  treated  expectantly  and  where  there  is  doubt  whether 
the  foreign  body  is  in  the  vitreous,  imbedded  in  the  sclera  or  is  just 
extraocular,  not  only  is  there  no  harm  in  waiting  the  onset  of  mild 
irritative  signs  before  resorting  to  extraction,  but  in  a  considerable 
number  of  cases,  no  symptoms  will  develop  and  the  foreign  body  in 
the  scleral  wall  and  in  the  orbital  fat  will  become  encysted  and  in- 
nocuous as  is  the  ease  witli  the  great  majority  of  foreign  bodies  lodged 
in  the  orbit. 

Many  unusual  eases  of  intraorbital  foreign  bodies  have  come  under 
the  observatio]!  of  evcrj'  military  ophthalmic  surgeon  of  experience 
and  many  such  are  reported.  Harris  describes  and  illustrates  with  a 
radiogram  a  case  in  which  a  bullet  appeared  to  have  entered  by  the  left 
inner  canthus,  and  to  have  passed  along  between  the  globe  and  the 
inner  orbital  wall  until  it  reached  the  apex  of  the  orbit.  Here  it 
turned  downward,  inward  and  forward,  describing  an  arc  of  more  than 
180  degrees,  and  entered  the  sphenoidal  sinus,  wounding  in  its  course 
the  optic  and  oculo-motor  nerves.  Left  optic  atrophy  resulted.  The 
bullet  was  removed. 

Collins  (Trans.  OphtJial.  Soc.  U.  Kingdom,  p.  292,  Vol.  xxxviii)  re- 
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ports  a  case  where  a  bullet  entered  the  left  orbit  and  emerged  below  the 
right  ear,  causing  a  partial  paralysis  of  the  right  facial  nerve.  The 
unruptured  left  gIol>c  liad  a  tension  of  — 1  and  showed  hemorrhage 
into  the  retina,  ehoi'oid  and  vitreous.  Later  there  was  much  pigmen- 
tation of  the  retina  and  choroid,  witli  ol)vious  tears  below  and  around 
the  disc  and  with  corresponding  scotoinata  in  tlie  visual  field.  In  an- 
other case  a  bullet  entered  at  the  u])per  and  outer  wall  of  the  left 
orbit  and  emerged  beloAV  the  right  ear.  Hemorrhage  over  and  around 
the  left  optic  disc  appeared,  with  later  pigmentation  above  and  ad- 
jacent to  the  disc  and  final  optic  atrophy.  Loss  of  sensation  of  the 
areas  supplied  by  the  first  and  second  divisions  of  the  right  fifth  nerve 
occurred  but  no  injury  to  the  right  eye  or  right  facial  nerve  was  seen. 
In  a  third  case  a  piece  of  shell  entered  the  left  preauricular  region. 
The  externi  of  both  eyes  and  both  levatores  palpebrarum  were  para- 
lyzed. The  pupillary  action  was  uninfluenced.  The  optic  nerves  were 
unaffected  and  near  vision  was  Jaeger  1  and  4  respectively.  A  radio- 
gram located  the  missile  near  the  floor  of  the  aqueduct  of  Sylvius 
near  the  nuclei  of  the  third  nerves.  Another  case  is  reported  where 
a  shell  fragment  entered  the  left  orbit  above  the  globe,  which  was  de- 
stroyed. Ptosis  appeared  on  the  right  side,  with  mydriasis  and 
paralysis  of  the  third  nerve.  The  media  were  found  to  be  clear  and  the 
papilla  without  change  yet  the  eye  was  quite  blind.  A  metallic  foreign 
body  was  located  near  the  sella  turcica  with  probable  retrobulbar 
damage  not  far  from  the  cliiasma. 

Klauber  {Klin.  MonatsbJ.  f.  Augcnheilk.,  Oct.,  1917,  Abstr.  Brit. 
Jour.  OphthaL,  June,  1919,  p.  272)  details  a  unique  injury  produced 
by  a  rifle-grenade.  The  soldier  was  unconscious  for  a  few  minutes,  and 
on  recovering  found  his  left  eye  did  not  see  well.  He  was  unable  to 
recognize  objects  in  the  upper  part  of  the  field.  The  wound  of  entry 
was  in  the  middle  of  the  forehead,  close  to  the  hair  margin.  He  re- 
covered completely,  with  the  exception  of  some  interference  with  taste 
and  smell,  and  the  eye  condition  described.  The  left  pupil  was  rather 
smaller  than  the  right,  and  this  difference  was  increased  by  the  use  of 
,cocain.  Lachrymation  on  tlie  left  side  was  diminished,  and  the  lids 
were  less  widely  opened  than  on  the  right.  The  left  optic  disc  was 
pale,  most  marked  on  the  temporal  side.  V.  was  6/36  in  the  left,  and 
6/6  in  the  right  eye.  The  left  field  of  vision  showed  complete  loss 
of  the  upper  temporal  quadrant  and  a  small  adjacent  sector  of  the 
upper  nasal  quadrant,  including  the  fixation  point.  Careful  testing 
with  Bjerrum's  screen  showed  that  the  whole  temporal  half  of  the 
right  field  to  6°  (apparently  normal  on  the  ordinary  perimeter)  was 
less  sensitive  both  for  white  and  colors  than  the  nasal  half.    Radiog- 
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raphy  showed  a  splinter  about  7  mm.  long,  lying  on  the  base  of  the 
skull,  slightly  to  the  left  of  the  middle  line,  near  the  anterior  end 
of  the  sella.  Khiuber  points  out  thai  I  lie  conditions  found  indicated 
a  complete  tearing  of  the  ventromedial  and  a  slight  injury  of  the  ven- 
trolateral part  of  the  left  nerve,  together  with  some  slight  affection  of 
the  middle  ]iart  of  the  right  nerve. 

The  affection  of  the  sympathetic  tract  he  attributes  to  either  injury 
of  tlie  carotid  plexus  or  the  hypothetical  sympathetic  centre  of  Karpus 
and  Kreidl  in  the  third  ventricle. 

In  Birch-IIirschf eld's  case,  a  soldier  was  injured  by  a  rifle  shot. 
He  was  unconscious  for  quite  a  time,  and  after  recovery  the  right 
eye  was  found  to  be  blind.  Four  months  later,  the  reporter  found 
a  scar  at  the  wound  of  entrance  in  the  middle  of  the  forehead,  above 
the  root  of  the  nose.  The  point  of  exit  was  on  the  right  side  of  the 
neck  between  the  right  inframaxillary  angle  and  the  insertion  of  the 
sterno-c'.eido-mastoid  muscle.  The  right  eye  and  its  surroundings 
showed  no  external  changes  ;  it  deviated  a  little  outward  ;  the  pupil  was 
enlarged  and  reacted  slightly  to  light ;  motility  was  somewhat  im- 
paired; vision  equalled  fingers  at  1  meter  eccentrically.  As  the  vitre- 
ous was  only  slightly  opaque  a  good  ophthalmoscopic  view  was  ob- 
tained ;  the  disc  appeared  to  be  separated  into  two  parts  vertically ; 
both  parts  had  a  reddish  color  from  each  of  which  numerous  arteries 
and  veins  emerged  which  could  be  traced  far  into  the  retina.  The 
separating  surface  was  covered  by  a  grayish-white  new  formation  pro- 
jecting into  the  vitreous;  there  was  an  extensive  chorio-retinitic  focus 
with  pigment  and  grayish-white  patches;  the  retina  was  detached 
upon  the  temporal  quadrant.  (^])li(|ue  laceration  of  the  optic  disc  and 
a  gaping  wound  of  the  sclera  was  diagnosed.  An  unusual  feature  of 
the  case  was  the  fact  that  the  optic  nerve  did  not  become  totally 
atrophic  and  that  the  central  artery  of  the  retina  was  not  severed  also. 

In  the  lagophthalmus  which  sometimes  results  from  extreme  prop- 
tosis  in  the  case  of  orbital  foreign  bodies,  or  in  the  lagophthalmus  con- 
seciuent  upon  facial  paralysis  suture  of  the  lids  is  necessary  when 
there  are  the  first  signs  of  corneal  insensitiveness  or  drying. 

Leriche  {Pressc  Mcdicale,  Apr.  17,  1919,  No.  22,  p.  205)  suggests 
muscle  transplantation  as  a  remedy  for  this  paralytic  lagophthalmus 
where  this  is  not  made  impossible  owing  to  too  great  destruction  of 
tissue.  Where  this  is  impossible,  however,  he  has  used  section  of  the 
cervical  sympathetic,  a  much  neglected  and  valuable  procedure,  which 
is  followed  by  retraction  of  the  eyeball  and  narrowing  of  the  palpebral 
fissure.  In  a  case  of  the  sort  done  four  years  prior  to  his  report  the 
result  has  been  exceptionally  good  in  that  the  patient  closes  his  eyes 
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as  if  by  volition  control  -while  the  previously  intense  laehrymation 
has  subsided. 

Gillies  has  suggested  that  this  condition  may  be  overcome  by  the 
implantation  of  cartilage  into  the  upper  and  lower  lids  in  a  form  com- 
parable to  a  "wish-bone"  but  prepared  in  such  a  way  that  it  would 
exert  a  constant  elastic  action  tending  toward  closure  of  the  Avide- 
spread  palpebral  fissure. 

Orhital  cellulitis  appearing  in  connection  with  a  foreign  body  re- 
tained in  the  retrobulbar  region  is  relatively  rare  and  does  not  follow 
the  course  of  the  usual  clinical  orbital  phlegmons  which,  in  large 
measure,  have  their  positions  predetermined  by  the  relation  of  the 
nasal  sinus  from  which  the  inflammation  has  sprung  to  the  nearest 
weak  point  in  the  orbital  fascia.  In  military  cases  the  spread  of  infec- 
tion is  more  likely  to  be  along  the  track  of  the  missile  or  to  be  gen- 
eralized in  the  orbit  and  the  best  form  of  incision  in  these  eases  is 
that  through  the  lower  lid  just  above  the  floor  of  the  orbit,  blunt  dis- 
section rather  than  sharp  being  used  for  opening  into  the  abscess  cav- 
it3^  At  times  no  pus  is  encountered  but  in  these  cases  it  either  appears 
later  or  the  process  is  aborted  or  relieved  by  the  free  flow  of  blood  and 
serous  fluid  from  the  swollen  lids. 

While  the  retention  of  shrapnel  bullets  or  lead  casing  in  the  orbits 
is  rare,  the  presence  of  fine  lead  dust  from  broken  bullets  is  not  un- 
common and  as  serious  lead-poisoning  has  been  noted  by  Loeper  and 
Verpy  (Progres  Medical,  June  5,  1919,  p.  81)  in  cases  where  small 
fragments  of  lead  were  retained  in  the  tissues,  it  is  well  that  this 
possibility  be  not  overlooked  where  no  explanation  can  be  found  for 
unusual  symptoms.  They  noticed  a  number  of  men  avIio  had  appar- 
ently quite  recovered  from  their  gunshot  or  shell  wound  presented 
anemia,  albuminuria  or  intestinal  or  nervous  disturbances  for  which 
no  explanation  could  be  found  unless  the  projectile  still  left  in  the 
tissues  could  be  incriminated.  A  positive  reaction  for  lead  was  ob- 
tained in  the  urine  from  six  of  the  sixteen  men  tested.  The  projectile 
was  a  scrap  of  lead  in  these  cases.  Intact  bullets  did  not  seem  to  in- 
duce lead  poisoning,  being  jacketed  Avith  another  metal.  Some  of  the 
men  with  a  20  gm.  shrapnel  ball  in  their  tissues  eliminated  daily  for 
months  15  mg.  lead  in  the  urine.  The  absorption  of  lead  from  the 
projectile  varies  with  the  chemical  reactions  of  the  tissues  in  which 
it  is  embedded,  and  with  the  activity  of  the  circulation  in  the  region. 
Absorption  proceeded  most  actively  in  suppurating  foci  and  the  lung 
tissue  seemed  to  be  most  favorable  for  it.  Lead  was  found  in  the 
urine  as  early  as  twenty-five  days  after  the  injury  and  it  kept  up  in 
two  cases  for  three  weeks  after  the  projectile  had  been  extracted. 
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Among  the  38  wounded  men  examined,  albuminuria  was  found  in  4 ; 
liigli  arterial  pressure  in  2,  and  severe  anemia  in  2;  neurasthenia  was 
pronounced  in  2,  with  abolislied  tendon  reflexes  in  the  legs  in  one  of 
these.  In  another  case  there  was  rebellious  painful  spastic  constipa- 
tion. The  subsidence  of  these  symptoms  after  removal  of  the  projectile 
testifies  to  lead-poisoning  as  a  causal  factor.  Examination  of  the 
urine  for  lead  will  warn  when  the  projectile  is  beginning  to  give 
trouble.  For  this  they  collect  the  urine  for  two  or  three  days,  decom- 
pose the  organic  matter  with  hydrochloric  acid  and  potassium  chlorate 
(Fresenius  and  Babo  technic),  and  after  treating  with  sulphuretted 
hydrogen  obtain  the  typical  reactions  with  the  sulphate  of  lead  in 
the  residue. 

The  great  majority  of  disturbances  of  the  motor  apparatus  of  the 
eyes  depend  on  direct  or  indirect  injuries  of  the  muscles,  or  of  their 
nerves,  in  the  orbit,  or  at  the  base  of  the  skull,  by  the  wounding  bullet 
or  by  splinters  of  bone.  In  many  cases  the  cause  of  a  permanent  limi- 
tation of  motion  is  a  cicatricial  adhesion  of  the  eyeball  to  the  wall  of 
the  socket  after  a  wound  of  the  adnexa.  Occasionally  an  excess  of 
movement  in  a  certain  direction  may  be  produced  by  a  laceration  of 
the  facial  ligaments.  Enophthalmos  and  movements  of  retraction  of 
the  globe  are  not  uncommon  in  consequence  of  demolition  of  the 
margins  and  walls  of  the  orbit.  Operative  efforts  to  do  away  with 
diplopia  are  to  be  considered  only  when  the  condition  is  one  of  true 
paresis,  not  due  to  mechanical  impediments,  such  as  cicatricial  adhe- 
sions, and  laceration  of  muscles. 

A  unique  form  of  injury  has  been  noted  in  connection  with  super- 
ficial Avounds  of  the  cranium  and  the  use  of  helmets,  where  the  squeez- 
ing of  the  tissue  of  the  scalp  between  the  under  surface  of  the  non- 
yielding  helmet  and  the  uplifted  fragments  of  the  cranium  give  the 
picture  of  hemorrhagic  extravasation  about  the  eyes  and  lids  hitherto 
noted  as  arising  from  a  fracture  into  the  anterior  cranial  fossa.  Gam- 
len  and  Smith  (Brit.  Jour.  Surg.,  July,  1917,  p.  37,  Fig.  10)  picture 
such  a  case  in  which  the  forehead  is  deformed  into  the  shape  of  a 
''tower  skull"  by  an  uplifted  large  scale  of  the  frontal  bone  which 
squeezed  the  scalp  against  the  rigid  helmet  and  produced  profuse 
purplish  mottling  of  the  scalp. 

B.  Injuries  of  the  hony  orhit  and  adjacent  extraorhital  structiire.<i. 
These  injuries  naturally  group  themselves  into  (1)  injuries  of  the 
orbit  and  the  nasal  sinuses,  and  (2)  injuries  of  the  orbit  and  adjacent 
cerebral  structures;  a  division  which  is  by  no  means  rigidly  drawn,  as 
one  of  the  most  fatal  of  all  cranial  injuries  is  that  of  combined 
orbital,  nasal  and  cerebral  laceration  and  destruction. 
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(1)  Combined  injuries  of  the  orbit  and  nasal  sinuses  have  been 
noted  much  more  commonly  since  systematic  investigation  of  the  nose 
has  been  undertaken  in  wonnds  of  tlic  bead.  Tliey  -avv  of  every  pos- 
sible type  and  variety  of  tissue  defect,  varying  from  tbe  elean  through 
and  through  perforation  to  great  gaping  boles  with  infected  walls 
in  place  of  the  nose  and  orbits.  Tbe  conrsc  wbidi  these  cases  run  is 
determined  almost  wholly  by  the  ])re.sen(e  or  absence  of  infection  and 
this  basic  condition  is,  in  turn,  determined  by  the  presence  or  absence 
of  previous  obstruction  to  nasal  drainage  and  ventilation.  Where 
no  such  defects  have  existed  wounds  of  the  sinuses  are,  for  the  most 
part,  followed  by  suprisingly  little  sepsis  and  operative  treatment, 
aside  from  the  removal  of  adhesion^  is  seldom  necessary. 

The  value  of  free  drainage  and  good  ventilation  in  the  nose  is  no- 
where more  clearly  shown  than  in  wounds  which  have  become  mod- 
erately infected  and  which  have  involved  the  sockets  and  lids.  Here, 
if  reparative  work  is  attempted  before  a  normal  intranasal  condition 
is  reestablished  a  chronic  suppurative  process  in  the  lids,  orbit,  lachry- 
mal ducts  and  always  in  the  nose,  is  almost  inevitable.  With  the 
renewal  of  intranasal  circulation,  as  a  preliminary  measure  hoAvever, 
healing  occurs  Avith  unusual  celerity.  O'Mailey  was  obliged  to  oper- 
ate upon  only  11  out  of  50  cases  of  antral  penetration  and  perfora- 
tion on  the  ground  of  sepsis.  In  11  others  he  operated  for  the  re- 
moval of  foreign  bodies.  He  had  IS  cases  of  eye  involvement;  in  10 
the  eye  was  lost,  in  (S  there  were  injni-ics  to  it  of  varying  degree. 
AVhere  the  injury  to  the  eye  was  not  direct,  it  seemed  to  have  been 
caused  b}-  the  missile  striking  tbe  mahir  bone,  the  shock  of  impact 
being  communicated  to  the  bony  wall  of  tlu^  orl)it.  In  some  cases  where 
epiphora  resulted,  this  did  not  give  much  trouble  in  the  ordinary 
way,  but  Avhen  playing  games  in  a  high  wind,  or  motoring,  -the  over- 
flow of  the  tears  Avas  a  nuisance.  He  thought  the  cause  Avas  hyper- 
trophy of  the  inferior  turbinate  due  to  exposure  to  the  Avinds,  and  as 
a  result  of  its  engorgement  pressui-e  was  exerted  on  the  tear  duct. 
Removal  of  a  portion  of  the  soft  tissue  of  tbe  inferior  turbinate  seemed 
to  cure  this  climatic  cause  of  overfloAv. 

Ormond  notes  that  pain  arising  in  con-;e(pieuce  of  inflammation  of 
the  sinuses  after  such  injuries  Avas  sometimes  refei-red  by  the  patient 
to  his  eye.  In  tAvo  such  cases  blind  eyes  Avere  removed  on  account  of 
scA'ere  pain  supposed  to  have  originated  in  them  but  Avhose  origin  Avas 
proA^en  later  to  have  been  in  the  nose. 

With  the  osteomyelitis  Avhich  occasionally  folloAvs  perforation  of  the 
facial  bones,  especially  by  bullets,  and  Avhich  occurs  secondarily  to 
sinus  infection,  the  osseous  infection  may  involve  any  portion  of  the 
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orbital  wall  and  thereby  induce  orbital  inflammations  and  their  conse- 
quences. Radiographic  examinations  of  these  nasal  cases  ai*e  replete 
with  surprises  and  not  seldrni  Avhen  obvious  wounds  of  cutraueo  and 
of  exit  seem  to  have  made  the  absence  of  forcij-n  bodies  certain,  the 
radiogram  shows  tliat  several  missiles  have  entered  the  face  at  the 
same  time  and  are  iml^edded  in  tlie  bones  or  are  free  in  the  cavities,  or 
that  the  parent  missile  has  si)!it  into  a  number  of  smaller  fragments 
upon  contact  witli  the  bone. 

Cords  (Abstr.  Arch.  Ophlhal.,  Jan.,  1918,  p.  90)  emphasizes  the  spe- 
cial importance  of  wounds  of  the  frontal  sinus,  the  posterior  wall  of 
w'hich  is  often  crushed.  At  the  first  operative  intervention  these  cavi- 
ties should  be  opened  freely  and  good  drainage  given,  or  should  be 
extirpated  radically.  Fissures  in  the  posterior  wall  of  the  frontal 
sinus  are  particularly  dangerous  and  when  found.  Cords  lays  bare  a 
larger  extent  of  dura.  He  also  notes  that  tangent  shots  of  the  tem- 
poral region  are  not  rare  and  that  they  are  easily  overlooked  as  wounds 
of  the  brain  are  likely  to  be  hidden  beneath  the  temporal  muscle. 
Verticle  or  horizontal  tangent  wounds  of  the  frontal  region  require 
free  exposure  by  a  curved  incision  through  the  brow  or  nose,  evacua- 
tion of  the  crushed  frontal  sinus,  very  careful  attention  to  the  w^ound 
in  the  brain  and  open  treatment.  In  fact  the  single  basic  object  of 
treatment  in  wounds  which  involve  any  of  the  air  cavities  is  to  estab- 
lish free  drainage  by  open  treatment.  Frequent  hot  fomentations  are 
often  of  aid  in  the  septic  open  wounds  of  the  naso-orbital  region. 

The  prognosis  of  brain  wounds  produced  through  the  orbit  and  nose 
is  bad.  Contusion  of  the  brain,  as  an  accompaniment  of  wounds  which 
are  purely  orbital  and  nasal  may  result  in  death  almost  immediately 
but  the  usual  cause  of  death  is  encephalitis,  less  often  meningitis  and 
as  a  late  consequence  brain  abscess  may  end  in  sudden  death,  not  in- 
frequently after  the  passing  of  many  months.  Wounds  of  the  large 
vessels  are  rarely  the  cause  of  death,  although  when  the  carotid  artery 
or  jugular  vein  are  torn  at  the  entrance  to  the  skull,  death  comes  im- 
mediately from  hemorrhage  or  air  embolism.  Cords  noted  one  death 
from  hemorrhage  of,  the  internal  maxillary  artery. 

A  number  of  cases  of  unilateral  and  bilateral  pulsating  exophthal- 
mus  have  been  reported  as  a  consequence  of  deep  injuries  of  the  orbit 
and  of  the  cranial  fossa?,  several  of  which  are  reported  in  abstract : 
Guisez  and  Oudot  (Prcssc  Mcdicale,  March  23,  1916,  p.  129)  describe 
an  arteriovenous  aneurysm  of  the  internal  carotid  and  cavernous  sinus 
which  developed  after  fracture  of  the  ethmoid  and  sphenoid  by  a 
fragment  of  shell  which  lodged  in  the  vicinity  of  the  sella  turcica. 
This  gave  rise  to  characteristic  ocular  symptoms,  which  subsided  after 
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ligature  of  the  external  and  internal  carotids  on  the  affected  side, 
combined  with  long-continued  pressure  by  tampons  of  the  maxillary 
sinus. 

Augstein  {Klin.  Monatsh.  f.  AugenheUk.,  1916,  p.  484)  described  a 
case  of  bilateral  pulsating  exophthalmos,  caused  by  a  wound  in  which 
the  muscles  of  mastication  and  the  sternomastoid  of  the  left  side  were 
completely  torn  to  pieces,  the  ramus  of  the  lower  jaw,  the  malar  bone 
and  the  joint  destroyed,  and  the  facial  nerve  paralyzed.  Later  pulsa- 
tion of  the  carotid  could  be  felt,  the  veins  of  the  upper  eyelids  were 
distended  and  tortuous;  and  both  eyes  protruded,  the  right  23  mm., 
the  left  20  mm.  The  exophthalmos  remained  the  same  upon  changing 
the  patient's  position.  The  intraocular  tension  was  raised.  A  pulsa- 
tion, synchronous  with  the  beat  of  the  heart,  was  felt  by  the  hand 
placed  on  the  closed  lids.  Over  the  entire  skull  a  vesicular  murmur 
could  be  heard,  synchronous  with  the  carotid  pulse.  After  ligation 
of  the  carotid  artery  the  exoj^hthalmos  and  pulsation  subsided.  Sub- 
sequently fine  pigment  anomalies  appeared  in  the  retina,  together  with 
whitish  lines  of  opacity  and  punctate  hemorrhages  in  the  left,  al- 
though the  vision  remained  normal  in  both  eyes. 

IMayou  {Trans.  OpJithal.  Soc.  U.  Kingdom,  Vol.  xxxvii,  p.  186)  de- 
tails the  case  of  a  soldier  who  was  wounded  by  shrapnel  entering  be- 
hind the  right  mastoid  process,  and  becoming  lodged  behind  the  left 
coronoid  process  of  the  temporal  bone.  When  he  presented  himself 
he  had  a  right  facial  paralysis  with  proptosis  of  the  right  eye,  and 
pulsation  could  be  felt  by  pressing  the  globe  into  the  orbit.  Ocular 
movements  were  limited  and  the  ciliary  vessels  were  dilated.  A  bruit 
could  be  heard  over  the  orbit  and  head.  Both  eyes  had  corneal 
nebul£e.  The  case  was  one  of  arteriovenous  aneurism,  and  was  not 
improved  by  ligation  of  the  internal  carotid. 

Cailland  {Arch.  d'Ophtal.,  Nov.-Dec,  1917;  Abstr.  B^it.  Jour. 
Ophthal.,  June,  1919)  publishes  a  case  of  bilateral  pulsating  exoph- 
thalmus  caused  by  a  shell  fragment  which  penetrated  the  left  malar 
region,  traversed  the  maxillary  sinus  of  the  same  side  and  lodged  in 
the  retro-pharyngeal  space.  Consciousness  was  lost  for  some  hours, 
and  on  recovery  the  man  found  he  could  see  with  the  right  but  not  with 
•  the  left  eye.  Fourteen  daj^s  later  an  unsuccessful  attempt  was  made 
to  remove  the  shell  fragment.  About  January  4  or  5,  on  looking  in  a 
mirror,  the  patient  noticed  some  prominence  of  the  left  eye,  and  a  few 
days  later  of  the  right  eye.  On  February  4  he  came  under  the  care 
of  Cailland.  He  then  exhibited  all  the  characteristics  of  double  pulsat- 
ing exophthalmos.  On  the  right  side  there  were  proptosis,  which 
could  be  easily  reduced  by  pressure,  chemosis,  limitation  of  ocular 
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movements,  partial  anesthesia  of  cornea.  Pulsation  was  very  notice- 
able to  the  finger,  and  a  bruit  was  audible.  The  fundus  oculi  showed 
jtinall  arteries  and  slightly  enlarged  veins.  Vision  with  —  7  D.  was 
0.3. 

On  the  left  side  there  was  much  edema  of  the  lower  lid.  The  ex- 
ophthalmos and  chemosis  were  more  marked  than  on  the  right  side, 
and  ocular  movements  were  more  restricted.  The  globe  could  not  be 
pressed  back  into  the  orbit,  pulsation  and  bruit  were  very  marked; 
the  cornea  was  anesthetic  and  ulcerated  in  its  lower  half. 

The  subjective  symptoms  were  comparatively  slight:  the  man  no- 
ticed a  humming  noise  in  his  left  ear,  which  had  previously  lost  its 
hearing.  He  was  not  aware  of  any  pulsating  bruit.  In  spite  of  vari- 
ous methods  of  treatment,  the  local  signs  all  increased,  and  the  man's 
general  condition  deteriorated.  By  the  end  of  ^March,  3V2  months 
after  the  wound,  the  vision  of  the  right  eye  was  only  0.1.  On  this  side 
compression  of  the  carotid  artery  led  to  a  reduction  of  the  exophthal- 
mos ;  on  the  left  side  no  such  result  could  be  obtained.  Cailland  then 
asked  a  colleague  to  ligature  the  right  common  carotid.  On  April  6 
this  surgeon  ligated  the  right  internal  carotid.  Soon  after  the  opera- 
tion the  exophthalmos  on  the  right  side  became  less,  the  chemosis  al- 
most disappeared.  Pulsation  persisted,  but  was  less  obvious,  and  a 
very  faint  bruit  was  audible.  Complete  blindness  of  the  right  eye 
ensued.  On  the  left  side  no  modification  in  the  ocular  or  orbit  condi- 
tions was  obtained.  Two  days  later  all  the  symptoms  on  the  right  side 
reappeared  in  all  their  former  severity.  On  April  13  the  left  internal 
carotid  was  tied.  Before  knotting  the  ligature  the  artery  was  com- 
pressed, and  as  this  had  no  effect  upon  respiration,  or  cardiac  action, 
the  ligature  was  tied.  On  recovery  of  consciousness,  the  patient  was 
comfortable  and  expressed  himself  as  much  relieved.  There  was  an 
entire  absence  of  pulsation  or  bruit,  and  the  exophthalmos  was  greatly 
reduced. 

Sixteen  houi's  later  right  hemiplegia  and  aphasia  supervened  with- 
out loss  of  consciousness,  but  two  days  later  a  second  cerebral  attack 
was  followed  by  loss  of  consciousness  and  death  in  fourteen  hours. 
A  post-mortem  survey  of  the  region  of  the  cavernous  sinus  only,  threw 
no  light  on  the  lesions  caused  by  the  original  Avound  or  the  effect  of 
the  ligation  of  the  arteries. 

Other  eases  are  reported  by  Salus  (Klin.  Monatsb.  f.  AugcnhciJl-., 
Vol.  60,  p.  253),  Cords  {Joe.  cit.),  Sattler  (Dcutsch.  Med.  Woch.,  Vol. 
42,  p.  1306),  von  Szily  (Atlas),  and  others. 

Golovin  (Vcstnik  OpJital.,  Nos.  2,  3,  4  and  5,  1917)  reports  four 
cases  of  ti-aumatic  pulsating  exophthalmus  occurring  from   civil   in- 
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juries  and  a  fifth  resulting'  from  a  military  injury,  the  man  being 
.struek  in  the  open  moutii  by  a  rifle  bullet  which  fractured  the  right 
lower  jaAV  and  lodged  under  tlie  maxillary  angle  from  which  it  was 
extracted.  The  man  was  unconscious  for  about  a  half  hour  and  on 
waking  became  aware  of  a  loud  noise  in  his  head  and  right  ear.  He 
observed  immediately  that  the  riglit  eye  was  swollen  and  weeping ;  he 
was  unable  to  open  the  lids  and  the  eye  appeared  to  be  proptosed. 
Golovin  explained  the  i)resence  of  the  pulsating  exophthalmus  which 
was  demonstrated  as  the  result  of  tlie  transmission  of  the  blow  through 
the  tissues  to  the  column  of  blood  in  the  carotid  Avitli  rupture  within 
the  cavernous  sinus.  Golovin  advocates  ligation  of  the  superior  oph- 
thalmic vein  for  pulsating  exophthalmus  and  the  application  of  his 
method  to  this  case,  a  double  operation  of  ligature  of  the  carotid  and 
the  superior  ophthalmic  vein,  gave  so  satisfactory  a  result  that  the 
vision,  which  Avas  almost  lost  before  the  operation,  recovered  to  a 
considerable  extent.  Golovin  believes  that  ligation  of  the  superior 
ophthalmic  vein  is  under  all  circumstances  less  dangerous  than  liga- 
ture of  the  common  carotid.  It  is  indicated  particularly  where  the 
aneurism  has  involved  dilation  of  the  veins  of  the  face.  Where  the 
cerebral  symptoms  (noise  in  the  head  and  paralysis),  are  prominent, 
ligature  of  both  the  ophthalmic  vein  and  the  common  carotid  are 
indicated. 

In  all  cases  where,  along  with  the  symptoms  of  aneurism,  there  may 
be  the  smallest  suspicion  of  a  neophism  of  the  orbit,  resection  of  the 
outer  Avail  of  the  orbit  is  called  for  to  begin  with,  in  order  to  provide 
free  access.  If  there  sliould  be  a  tumor,  its  removal  can  be  proceeded 
Avith.  If  the  condition  turns  out  to  be  a  purely  vascular  distention, 
the  access  is  sufficiently  free,  qxqu  if  the  dilated  A'essels  should  lie  to 
the  inner  side  of  the  orbit.  In  cases  Avhere  the  symptoms  of  aneurism 
lea\'e  no  doubt  as  to  the  diagnosis,  he  considers  tlie  resection  of  the 
outer  AA'all  of  the  orbit  unnecessary ;  as  througli  a  moderately  sized 
incision  made  beloAA-  the  eyebroAv.  sufficient  access  can  be  obtained  to 
effect  the  ligature  of  the  A'ein  AA-ithout  difficulty. 

In  cases  of  recurrence  aftei-,  or  failure  from  ligatui'e  of  tlu^  com- 
mon carotid,  ligature  of  the  vein  is  necessarily  indicated  as  preferable 
to  ligature  of  tlie  carotid  of  the  otlier  side. 

Among  the  unusual  orbital  accidents  are  traionatic  einphyseina  of 
the  orhit  described  by  Beauvieux  (Arch.  d'Ophtal.,  Vol.  36,  pp. 
366-8)  ;  traumatic  enophthalmus  Avhich  is  fully  described  and  freely 
illustrated  by  Picliler  (Graefe's  Archiv.  f.  Ophthal.,  Vol.  95,  p.  145), 
in  a  ease  of  its  extreme  degree,  the  dislocation  of  the  globe  into  the 
antrum  of  Ilighmore,  by  Kraupa-Ruuk  {Klin.  Mojiatsh.  f.  Augeuheilk., 
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Vol.  56,  p.  495 j.  Uosslei'  {Wicii.  hi.  Wuch.,  p.  979,  1918)  writes  in- 
terestingly upon  the  elianges  in  the  cornea  Avhieli  follow  wounds  of 
the  trigeminus. 

Lesions  of  the  lachrymal  passages  are  relatively  common  as  a  re- 
sult of  wounds  of  the  lids,  the  orbits  and  of  the  nose  and  its  sinuses. 
Purulent  dacryocystitis  of  the  purely  clinit-al  type  is  also  not  rare,  and 
displacements  of  the  lower  punctum  from  ectropion  produced  by 
cicatrices  of  superior  maxillary  lesions  often  cause  troublesome  epi- 
])lu)ra.  Not  seldom  traumatic  anophthalmus  and  the  various  forms  of 
badly  ruptured  globes  are  complicated  by  injury  to  the  tear  duct  and 
its  infection,  and  in  these  cases  an  irritating  chronic  suppuration  of 
the  socket  may  be  set  up  and  persist  until  the  tear  sac  is  extirpated. 
Lauber  and  Henning,  in  fact,  after  destruction  of  the  eye  remove  the 
lachrymal  g^and,  the  conjunctival  glands  and  the  accessor}'  glands  in 
order  to  prevent  secretions.  Clean  wounds  of  the  lachrymal  duct 
may  be  sutured  according  to  the  method  proposed  by  Elschnig  (Klin. 
Moil.  f.  Aug.,  55,  p.  144)  and  used  by  him  Avith  successful  functional 
results. 

Von  Szily  investigated  the  normal  and  pathologic  conditions  of  the 
lachrymal  passages  by  means  of  roentgenographs.  Two  principal 
types  constantly  recur.  In  the  first  group  the  changes  start  from  the 
so-called  isthmus  ductus  lacrimalis.  Beneath  the  sac  with  a  compara- 
tively broad  duct  a  contraction  takes  place  Avhich  later  becomes  com- 
plete. In  another  large  portion  of  cases  there  is  a  gradually  pro- 
gressive disease  and  contraction  of  the  duct  from  below.  In  both  cases 
large  ectasias  and  diverticuli  of  the  sac  may  appear  as  time  goes  on, 
of  which  the  roentgenograph  first  gives  us  a  correct  conception.  He 
showed  also  pictures  of  tuberculosis  of  the  lachrymal  passages,  of 
valvular  occlusion  in  Avhich  abundant  residual  contents  always  re- 
main after  the  tensely  filled  sac  has  been  emptied  by  pressure,  of 
acromegaly,  of  congenital  atresia  of  the  nasal  opening,  and  of  battle 
wounds  of  the  lachrymal  passages. 

^forax  and  Dcsauges,  among  1,510  wounded  soldiers,  under  their 
care  from  September,  1914,  till  1917,  observed  22  instances  of  trau- 
matic lesions  of  the  lachrymal  passages — 1:3  from  rifle  bullets  and  9 
from  shells  and  torpedoes.  The  lesion  may  be  caused  by  direct  in- 
jvuy  of  the  lachrymal  passages  with  or  without  fracture  of  the  lachry- 
mal bone  or  superior  maxilla  or  indirectly  from  secondary  involvement 
due  to  fracture  of  the  latter  bone. 

It  is  exceptional  for  the  lachrymal  lesion  to  occur  alone;  the  pres- 
ence of  other  disturl)ani'es  or  lesions  ahnost  invariably  brings  it  about 
tluit  iiivolvenuMit  of  the  lachrymal   passages  is   unreeoguized  or  neg- 
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lectecl  at  first.  The  latter  shows  itself  only  by  slight  watering.  Sub- 
sequent infection  calls  attention  to  the  injury.  The  frequency  of 
infection  is  very  great — 19  out  of  22.  It  consists  of  a  dacryocystitis 
with  or  without  abscess.  The  time  of  the  occurrence  of  this  complica- 
tion is  very  inconstant — in  these  cases  in  from  1  to  18  months  after 
the  Avound.  Such  tardy  complications  are  comparable  to  what  is  some- 
times observed  in  fractures  of  the  bones  of  the  face  or  of  the  base  of 
the  cranium  when  the  sinuses  are  involved. 

Treatment  of  these  traumatic  lesions  and  their  complications  is 
beset  with  great  difficulty;  it  is  almost  always  impossible  to  reestab- 
lish permeability  of  the  canal ;  extirpation  of  the  sac  is  the  only  meas- 
ure to  arrest  suppuration.  In  spite  of  the  best  applied  treatment  re- 
lapses are  frequent ;  this  is  particularly  the  case  when  the  mucous 
membrane  of  the  sac  has  been  lacerated,  and  when  there  is  no  longer 
a  single  cavity,  but  a  number  of  diverticuli.  It  is  only  by  minute  dis- 
section of  the  canal iculi,  of  the  different  portions  of  the  mucous  lining 
of  the  sac  and  duct,  as  far  as  the  stricture,  that  it  is  possible  to  suc- 
ceed in  arresting  the  source  of  these  very  disturbing  suppurations, 
even  where  the  globe  has  been  enucleated. 

Reconstructive  surgery  of  the  eye,  the  socket  and  the  orhit. 

The  remarkable  functional  and  cosmetic  results  attained  in  cases, 
heretofore  considered  as  hopeless,  by  the  surgeons  who  restricted  their 
endeavors  to  orbital  and  ocular,  and  to  maxillo-facial  reconstruction 
after  military  injuries,  attests  both  to  the  spectacular  progress  made 
in  plastic  surgery  during  the  war,  and  to  the  fact  that  Avar  is  not  al- 
together an  unmixed  tragedy  in  its  end  results.  Judging  from  the 
progress  in  oculo-faeial  plastic  surgery  made  during  the  decade  pre- 
ceding the  Avar,  it  avouIcI  have  required  at  least  a  half  century  to  liaA^e 
reached  the  present  pinnacle  of  plastic  attainment.  It  is  almost  self- 
evident  that  quantity-production,  Avhether  it  be  of  Avounds  or  of  indus- 
trial output,  is  the  certain  Avay  of  achieving  correct  methods  of  hand- 
ling and  of  true  conservation  of  the  materials  involved. 

Before  this  Avar  but  fcAv  surgeons  Avere  more  than  theoretically  aAvare 
of  the  principles  underlying  plastic  surgery  of  the  face  and  eyes,  but 
the  Avidespread  diffusion  and  applicability  of  this  knoAvledge  Avhich 
has  folloAved  the  return  of  these  surgical  specialists  to  their  civilian 
posts  Avill,  in  time,  yield  functional  and  cosmetic  results  of  the  great- 
est economic  value,  particularly  along  the  lines  of  industrial  injuries 
and  of  the  severer  motor  accidents.  One  of  the  great  lessons  we  liaA-e 
learned  is  that  this  form  of  surgerA-^  involves  surgical  team  Avork  and 
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that  facial  surgery  is  no  longer  the  exclusive  province  of  the  general 
surgeon,  who  is  usually  clumsy  in  matters  of  small  but  important 
detail,  but  requires,  for  complete  success,  the  efficient  cooperation  of 
the  ophthalmic  surgeon,  the  rhinologic  surgeon,  the  aural  surgeon,  the 
dental  surgeon  and  the  general  surgeon.  This  lesson  must  not  be  for- 
gotten in  our  civil  practice. 

The  relatively  greater  exposure  of  the  head,  the  innumerable  sec- 
ondary missiles  incident  to  trench  warfare,  and  the  unprecedented 
use  of  high  explosive  shells  and  machine  guns  have  been  the  cause  of 
the  greater  frequency  of  injuries  of  the  face,  the  lids,  orbits  and  eyes 
than  has  occurred  in  previous  wars.  The  eyeball  is  most  often  in- 
jured, next  often  the  lids  and  least  often  the  orbits,  although  com- 
plicated wounds  of  the  eyes  are  constantly  met  with  in  association 
with  partial  or  complete  destruction  of  one  or  both  lids  and  fre- 
quently with  such  ruin  of  the  bones  which  form  the  orbit  that  the  nose 
or  the  pneumatic  sinuses  are  opened  into  a  single  cavity  continuous 
with  the  breached  orbit.  These  injuries  appear  in  every  conceivable 
variety  and  form  and  demand  the  highest  operative  skill  and  judg- 
ment. 

Reconstructive  surgery  of  the  sockets,  lids  and  orbits  will  be  con- 
sidered under  the  headings  of 
I.  Ocular  prothescs. 
II.  Restoration  of  the  socket  and.  the  lids. 

III.  Hopeless  or  inoperahle  sockets. 

I.  Ocular  prothescs  have  hitherto  failed  of  full  success  from  the 
cosmetic  standpoint  owing  to  defective  motility,  to  the  usual  exist- 
ence of  an  unsightly  depression  in  the  region  of  the  upper  lid  and  to 
the  fact  that  the  irregular  union  of  the  muscles  about  a  central  scar 
made  their  action  deforming.  Amputation  of  the  anterior  segment 
of  the  eye,  optieo-eiliary  neurectomy,  exenteration  of  the  globe,  im- 
plantation into  the  eviscerated  globe  of  various  artificial  vitreous 
bodies  such  as  spheres  of  glass  or  of  rare  metals,  and  implantation 
of  similar  spheres  into  the  space  of  Tenon  have  all  had  their  vogue 
in  the  attempt  at  cosmetic  improvement,  and  have  all  proved  unsat- 
isfactorj'".  The  solid  spheres  implanted  in  the  globe  have  been  ex- 
pelled or  absorbed  or  have  undergone  irritating  chemical  changes  with 
but  rare  exceptions,  and  evisceration,  as  shown  by  Dor  {loc.  cit.)  is 
frequently  folloAved  by  irritative  symptoms  in  the  remaining  eye 
which  force  enucleation. 

The  value  of  the  method  of  evisceration  with  the  removal  of  the 
scleral  window  containing  the  insertion  of  the  optic  nerve  and  the  di- 
vision of  the  nerve  through  the  opening  thus  made,  as  proposed  by  Dim- 
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itry  (Auier.  Jour.  OphfhaL,  Sept.,  1919)  has  yet  to  stand  the  test 
of  time,  and  the  adjnnet  implantation  of  gold  spheres  or  of  solid 
spheres  is  as  likely  to  be  followed  bj'  late  irritative  resnlts  owing 
to  chemical  change,  or  late  extrr.sion,  as  by  any  other  form  of  bed 
formation.  It  is  likely,  however,  that  fat  implantation  combined  with 
the  proposed  method  may  prove  of  valne,  as  the  excision  of  the  optic 
nerve  and  the  ciliary  nerves  and  vessels  through  the  posterior  window 
in  the  sclera  would  seem  to  minimize  the  chance  of  persistent  irritative 
changes  of  sympathetic  nerve  origin. 

Evisceration,  at  best,  however,  does  not  give  ideal  results,  as  the 
scleral  envelope  gradualh^  shrinks  and  collapses.  Accordingly  in  mili- 
tary' practice  the  present  operation  of  election,  considering  both  the 
ultimate  safety  of  the  remaining  eye  as  well  as  the  cosmetic  result  to 
be  attained,  is  the  implantation  into  the  space  of  Tenon,  not  into  the 
eviscerated  globe,  of  living  tissue  such  as  fat  from  the  thigh ;  spheres 
or  discs  of  costal  cartilage;  osteo-periosteal  grafts  from  the  tibia; 
bone  spheres  created  from  the  head  of  femora  of  cattle  and  calcined  by 
subjection  to  fire ;  the  heads  of  metatarsal  or  of  metacarpal  bones,  and 
balls  of  pith  from  the  elder  or  the  sunflower,  as  approved  of  by  Kuhnt. 

Although  all  of  these  materials  heal  in  well  and  apparently  remain 
permanently,  the  most  easily  obtained  of  all  and  the  most  adaptable 
is  fat  obtained  from  the  thigh  and  preferably  with  some  of  the  fascia 
lata  in  connection,  this  preventing  most  of  the  relatively  slight  shrink- 
age which  follows  this  spcL'ial  implantation.  Before  inserting  the, 
fatty  globe,  which  should  be  made  full-sized,  it  is  advisable  to  place 
catgut  sutures  in  the  opposing  rectus  tendons  which  are  then  united 
over  the  fat,  together  with  the  capsule  of  Tenon  and  the  conjunctiva. 
At  times  it  is  necessary  to  place  several  irregular  sutures  here  in  order 
to  retain  the  fat  until  adhesion,  which  occurs  with  remarkable  rapidity, 
is  established.  The  autlior  has  done  both  the  enucleation  and  the 
excision  and  implantation  of  fat  imder  local  injections  of  4  per  cent, 
cocain  and  1  per  cent,  novocain  many  times  and  prefers  this  method 
to  that  of  general  aiiesthesia  because  of  the  greater  drj-ness  of  the 
socket  produced  b,y  the  adrenalin-anesthetic  combination,  an  effect 
which  greatly  furthers  the  immediate  adhesion  of  the  implanted  fat 
to  the  orbital  tissue.  The  injection  of  1-10,000  adrenalin  behind  the 
globe  as  a  ju'eliminary  to  enucleation  under  general  anesthesia  has 
been  used  to  the  same  end  with  much  success. 

In  those  not  rare  cases  where  there  may  not  be  sufficient  conjunctiva 
to  cover  the  implant,  the  transplantation  of  a  Thierseli  graft — or  of 
fascia  lata  over  the  united  tendons  and  Tenon's  capsule  has  proven 
successful.    The  edges  of  this  graft  should  be  pushed  well  under  the 
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conjunctiva  in  order  to  prevent  displacement.  Valois  {Lcs  Borgncs  de 
la  Guerre,  Paris,  1918)  suggests  that  a  lozenge  of  sclera,  removed  from 
the  posterior  surface  of  the  enucleated  globe,  be  sutured  into  the  open 
space  between  the  point  of  iinion  of  tendons  and  conjunctiva,  the 
conjunctiva  and  this  transplanted  sclera  being  united.  This  pro- 
cedure, while  ofl'ered  as  a  means  of  increasing  the  extent  of  motility  of 
artiticial  eyes,  also  tinds  an  application  in  cases  of  conjunctival  defect 
where  a  covering  for  the  fatty  or  other  implant  is  required.  Sourdille 
(Areh.  cVOphtaL,  vol.  35,  p.  386)  introduces  a  skin  graft,  28  by  30 
mm.  in  diameter,  and  including  a  thin  layer  of  fat,  into  Tenon's  cap- 
sule. This  fat  is  fixed  by  the  threads  previously  passed  through  the 
recti  tendons.  In  injuries  complicated  by  palpebro-conjunctival  or 
orbital  lesions,  especially  where  the  malar  bone  or  outer  wall  of  the 
orbit  has  been  destroyed,  he  has  used  bony  grafts  taken  from  the  sur- 
face of  the  external  maleolus. 

Relative  to  the  use  of  buttons  or  spheres  of  living  costal  cartilage, 
introduced  by  Carlotti  and  Balleul  in  1915,  Aynard  (Lancet,  Oct.  27, 
1917)  who  uses  two  hemispherical  buttons  of  cartilage  cut  from  the 
eighth  costal  cartilage  by  means  of  a  special  trephine,  and  who  im- 
plants these  pegged  together  or  sutured  together  into  the  form  of  a 
sphere,  remarks  the  speed  with  which  this  transferred  cartilage  es- 
•  tablishes  fresh  vascular  connections  with  the  tissues  in  its  new  vicinity 
and  becomes  fixed  to  the  capsule  in  a  recent  enucleation,  or  to  the 
surrounding  tissues  in  cases  of  longer  standing.  Gillies  has  further 
modified  cartilage  implantation  by  making  a  ball  and  socket  prothesis 
of  the  cartilage. 

In  uncomplicated  cases  fat  implantation  in  the  manner  described 
above,  gives  so  excellent  a  bed  for  a  shell  eye  and  the  resulting  move- 
ments, aspect  and  projection  of  the  prothesis  are  so  like  those  of  the 
normal  eye  that  it  seldom  requires  the  devices  which  are  commonly 
used  to  complete  the  visual  deception,  such  as  the  use  of  a  plus  or 
minus  lens  to  make  the  eye  appear  larger  or  smaller  and  of  a  prism 
to  alter  its  apparent  position.  Sometimes  where  a  slight  irregularity 
of  the  stump  has  resulted,  an  eye  which  nearly  fits  may  require  a  little 
building  up  with  paraffin  or  wax  until  it  fits  accurately,  when  the 
amended  eye  may  be  sent  to  the  makers  for  duplication.  The  use  of 
paraffin  moulded  in  this  way  should  be  greatly  extended  in  civil  prac- 
tice as  it  offers  a  simple  and  cheap  means  of  making  great  cosmetic 
improvement  in  most  of  the  usually  ill-fitting  artificial  eyes  seen  in  civil 
practice. 

Terrien  (Arch.  d'O phial..  May- June,  1917)  describes  prothesic 
stumps  under  tlic  heads  of    (a)    natural  stumps,    (b)    ano])htbalmic 
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stumps  including  implantations,  both  of  which  have  been  discussed 
above  and  (e)  artificial  stumps,  by  which  is  meant  the  adaptation  of 
small  moulds  of  the  conjunctival  cavity  made  of  ebonite  with  an  india- 
rubber  envelope,  or  of  paraffin,  or  of  the  soft  rubber  employed  for 
making"  impressions  of  teeth.  Valois  and  Rouveix  (Ann.  d'Ocul.,  cliii, 
12)  call  attention  to  the  importance  of  getting  the  whole  moulding  of 
the  orbital  cavity  in  one  stop,  not  only  of  the  surface  of  the  orbit  but 
also  of  the  transition  folds.  Plaster  of  Paris,  or  rather  alabaster,  is 
used  by  means  of  a  small  funnel  with  a  large  opening  for  the  admis- 
sion of  the  liquid  plaster.  On  the  side  opposite  to  this  funnel  is  a 
convex  part  reproducing  the  inner  surface  of  the  eyelids.  From  this 
mould  a  counter-mould  is  obtained  having  the  exact  aspect  of  the 
•  empty  orbit.  This,  however,  cannot  be  used  without  change,  for  while 
it  gives  the  projection  of  the  eyeball,  the  portions  which  are  of  greatest 
value  are  those  wiiich  preserve  the  greatest  number  of  movements.  In 
studying  the  surfaces  of  orbital  cavities  attentively  it  is  noticed  that 
onl}'  certain  portions  of  it  are  moving,  others  are  immovable,  while 
still  others  are  deformed  by  movements.  There  is  no  rule  for  determin- 
ing which  of  the  movements  can  be  utilized  in  evolving  an  artificial 
stump.  In  fact,  often  enough  a  band  which  apparently  should  be 
removed  proves  to  be  the  origin  of  certain  needed  movements  while  in 
other  cases  mobility  must  be  sought  in  some  diverticulum  of  the  con- 
junctival cul-de-sac.  The  essentials  are  that  the  movements  must  be 
utilized,  the  deformities  neutralized.  As  Valoix  and  Rouveix  correctly 
state:  "When  the  moulding  of  the  orbital  cavity  has  been  done,  the 
final  mould  can  be  exactly  like  it  only  in  the  one  position  in  which 
the  cavity  has  been  moulded.  The  least  movement  of  the  fundus  of  the 
orbit  will  suffice  to  change  their  relations. 

'  *  The  prothesis  must  therefore  be  made  in  such  a  manner  that  these 
relations  are  maintained  during  the  smallest  movements  even.  In  this 
way  we  have  b}^  a  normal  evolution  come  to  know  the  inconveniences 
of  rigid  moulds  and  to  replace  them  by  hollow  ones,  which  are  elastic 
in  the  parts  resting  on  the  ocular  stump.  These  moulds  will  hug  the 
conjunctival  surface  in  all  its  changes  produced  by  whatever  move- 
ments are  still  preserved."  The  anterior  portion  of  the  prothetic  eye 
the^'  describe  is  made  of  hard  rublier  or  vulcanite,  on  which  the  appear- 
ance of  a  normal  eye  is  reproduced  in  enamel  or  In'  an}'  other  proce- 
dure of  painting.  This  constitutes  the  interpalpebral  portion  of  the 
ball;  against  this  rigid  surface  the  opposing  force  of  the  lids  must  act. 
The  posterior  part  as  well  as  tlie  lateral  ones  of  the  mould  are  mad§ 
of  soft  and  elastic  rubber.  The  space  between  the  anterior  and  pos- 
terior walls  is  empty  or  rather  filled  with  air. 
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This  apparatus  is  essentially  clastic,  pueumatic,  and  hugs,  without 
undue  pressure,  the  sinuosities  of  the  orbital  cavity,  copying  its  de- 
formities, but  transmitting  the  movements. 

Its  suppleness  helps  to  maintain  an  elastic  contact  between  the  eye- 
lids and  the  fundus  of  the  orbital  cavity.  It  will  not  by  its  weight, 
small  as  it  is,  fall  into  the  inferior  cul-de-sac,  nor  leave  the  place 
assigned  to  it  by  the  moulding. 

The  mould  is  made  of  an  almost  living  material,  elastic  rubber, 
which  transmits  the  least  movements  of  the  eyelids  or  of  the  fundus 
of  the  cavity ;  it  is  in  continued  action.  This  relation  is  the  best  war- 
rant that  it  will  remain  in  place;  moreover,  its  lightness  helps  to  as- 
sure its  stability. 

It  is  useless  to  discuss  how  valuable  such  conditions  are  to  the  pro- 
jection of  the  artificial  eye  and  to  the  utilization  of  the  least  move- 
ments of  the  remaining  muscles,  if  there  are  still  any  at  our  disposal. 

These  moulds  do  not  break  easily,  on  account  of  the  material  used 
in  their  composition,  an  advantage  of  great  importance  for  the 
wounded  who  will  wear  them,  many  of  whom  will  resume  the  hard 
work  of  laborers.  In  one  of  Valois'  patients,  the  eyelids,  the  bulbar 
and  palpebral  conjunctivas  and  the  cornea,  were  burned  by  molten 
metal.  The  eye  was  eviscerated.  The  end  result  was  total  symble- 
pharon.  Subsequent  operation  was  refused.  A  mould  of  the  orbital 
region  was  taken  and  studied.  A  zone  was  located  in  which  active 
movements  were  present  and  a  zone  of  relative  fixation  was  noticed. 
A  double  prothesis  was  constructed,  the  one  covering  the  fixed  area  or 
defect  of  the  orbit  and  lids;  and  the  second  a  glass  prothesis  attached 
to  the  first.  The  double  prothesis  was  held  in  place  by  a  spectacle 
frame,  while  the  glass  eye  received  its  motility  by  the  movements  of  the 
scleral  stump  through  the  eyelids. 

Cosse  {Ann.  d'Ocul.,  cliii,  7)  has  used  dental  "crown  composition" 
as  a  prothesis.  This  is  softened  by  immersion  in  hot  water,  is  easily 
moulded,  well  borne  by  the  conjunctiva  and  keeps  its  shape  when  cool. 
The  softened  mass  is  introduced  into  the  conjunctival  sac  in  such  an 
amount  as  to  fill  the  entire  space  between  the  lids  and  stump.  The 
surplus  is  cut  away,  the  mould  is  removed  and  is  then  hardened  by 
immersion  in  water.  On  the  anterior  surface  a  pupil,  iris  and  con- 
junctival vessels  are  painted.  Where  cicatricial  bands  occur  the  mould 
is  enlarged  at  the  corresponding  point  of  obliteration,  which  gradually 
yields  under  the  continuous  gentle  pressure  and  which  so  often  restores 
or  deepens  a  groove,  that  the  mould  is  not  only  better  borne,  but  sacs 
have  even  been  restored  which  otherwise  would  have  required  ex- 
tensive  plastic   operations.      Coulson   advocates  a   similar   treatment 
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where  cicatricial  bands  and  bony  lesions  have  changed  the  orbital 
cavity,  while  Terrien  {Joe.  cit.)  states  that  if  the  cul-de-sacs  are  con- 
tracted, or  irregular  and  will  not  hold  an  artificial  eye,  progressive 
dilatation  by  globes  or  olives  of  increasing  size  is  a  simple  and  effective 
procedure.  It  is  generally  preferable  to,  and  more  successful  than, 
any  operative  measures  designed  to  restore  a  contracted  conjunctival 
cavit}'. 

Lauber  and  lienning,  after  destruction  of  the  eye,  remove  the  lach- 
rymal gland,  the  conjunctival  glands  and  the  accessories  in  order  to 
prevent  secretions.  Necessary  plastic  operations  upon  the  orbital 
border  are  made  to  insure  the  retention  of  the  prothesis.  A  plaster  cast 
is  given  to  the  patient,  which  furnishes  him  the  model  for  the  pro- 
thesis,  made  of  a  plaster  mass. 

I.  Restoration  of  the  socket.  The  more  common  defects  noted  in 
the  socket  are  cicatricial  bands,  cicatricial  contractions  and  partial  or 
complete  symblepharon. 

According  to  Valois  (loc.  cit.)  the  conjunctival  ha]ids  usually  start 
from  the  surface  wound,  and  most  often  from  lid  w^ounds.  A  dense 
fibrous  tract  unites  the  two  opposing  walls,  all  elasticity  of  the  region 
is  lost  and  no  movement  is  permitted.  Sometimes  this  is  connected 
with  the  deeper  parts  of  the  orbit.  In  other  cases  a  band  forms  a 
bridge  which  crosses  the  cul-de-sac.  Valois  believes  that  the  only  prac- 
tical treatment  for  these  bands  is  to  make  an  incision*  of  about  3  or  4 
cm.  along  the  outer  margin  of  the  orbit  detaching  the  one  eyelid  from 
the  other.  A  suture  is  passed  through  each  lid  which  is  retracted 
thereby.  The  conjunctiva  is  dissected  free  from  the  underlying  cica- 
tricial tissue  by  scissors  and  the  various  cicatricial  bands  are  thor- 
oughly excised.  The  margins  of  the  lids  are  freshened  and  sutured, 
after  an  olivary  body  has  been  inserted,  and  the  lids  remain  united 
over  the  olive  for  about  3  to  4  months. 

Ordinarily,  where  irregularity  and  contraction  make  the  insertion 
of  a  prothesis  difficult  the  development  of  a  suitable  cavity  is  aided 
by  the  insertion  of  a  provisional  body  which  consists  of  polished  ebony 
made  in  the  form  of  a  half  olive  and  slightly  curved.  A  cross  on  the 
anterior  surface  indicates  the  correct  axis.  This  splint  is  of  greatest 
value  when  applied  directly  after  enucleation ;  it  prevents  deformities 
and  post-operative  adhesions  and  indicates  the  form  and  size  of  the 
socket.  With  the  persistence  of  a  fistula  after  enucleation  it  is  of 
value  to  use  a  fenestrated  olive  for  the  purpose  of  better  drainage 
until  the  cause  of  the  fistula— necrotic  bone  or  missile — is  removed. 
In  order  that  the  pressure  shall  be  exerted  in  a  posterior  direction  a 
compression-bandage  is  applied  during  the  entire  time  of  use  of  the 
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bougie.  The  rapidity  with  which  the  .space  between  tlie  lids  and 
orbital  scar  tissue  is  enlarged  is  surprising.  Valois  and  Kouveix  have 
also  succeeded  in  deepening  the  conjunctival  sac  and  even  in  forming 
a  ncAV  one  by  the  introduction  of  a  dilator  shaped  like  an  eye-speculum, 
which,  by  its  spring  effect,  exerts  a  continuous  mild  pressure  upwards 
and  downwards.  They  frequently  use  both  this  form  of  dilator  and 
the  olivary  bougies.  Where  cicatricial  bands  prevent  the  introduction 
of  any  form  of  dilator,  such  bands  are  carefully  dissected  out  and 
are  replaced  by  a  Thiersch  graft  over  whicli  a  dilator  is  immediately 
applied  in  order  to  retain  the  graft  in  place. 

Couloml)  has  obtained  good  results  in  small  cavities  bj^  gradual 
dilatation  with  olive-shaped  splints  of  increasing  size,  the  wearing 
of  Mdiich  further  exerts  a  good  effect  upon  the  shape  of  the  cavity. 

The  contraction  of  conjunctival  scars  wliicli  follow  injuries  to  the 
orbit  creates  situations  which  are  often  difficult  to  overcome.  In  gen- 
eral the  principle  of  trcafituj  contracied  sockets  and  ctd-de-sacs  is  that 
the  cavity  must  he  enlarged  hy  the  addition  of  new  tissue.  Such  tissue 
is  obtained  l)y  the  use  of  (a)  pedunculated  flaps  from  the  adjoining 
or  a  remote  region,  utilized  by  twisting  their  pedicles  and  bridging 
the  outer  canthus,  and  by  the  use  of  (b)  autogenous  grafts  of  buccal 
or  conjunctival  mucous  membrane,  of  the  modified  i^reputial  skin,  or 
by  the  transplantation  of  various  forms  of  skin,  varying  in  thickness 
from  that  of  the  entire  skin  to  merely  a  superficial  la^'er.  In  this 
connection  it  must  be  remembered  that  the  nnderlying  principle  of 
grafting  is  that  all  tissue  grafts  whicli  are  not  autogenous  will  in- 
evitahly  he  ethsorhed  or  will  he  replaced  hy  fihrous  tissue. 

One  of  the  simplest  and  yet  most  distressing  of  the  forms  of  con- 
junctival scars  which  lead  to  manifold  degrees  of  contraction  of  the 
conjunctival  cul-de-sacs  and  of  the  socket  is  symblepharon.  This  may 
occur  merely  in  the  form  of  adhesions  between  an  eye  with  good 
vision  and  the  lids,  between  the  lids  and  an  injured  globe  which  has 
fairly  well  preserved  form,  or  between  the  lids  and  the  remnants  of 
the  orbital  contents  and  these  adhesions  exist  in  every  possible  form 
of  incomplete  and  complete  symblepharon.  Such  adhesions,  even  if 
of  limited  extent  are  difficult  to  overcome  and  the  measures  need- 
ful to  that  end  vary  with  the  extent  and  position  of  adhesion  and  of 
involvement  at  the  upper  or  lower  lid.  Kuhnt  {loc.  cit.)  draws  upon 
his  large  experience  to  advise  the  division  of  the  adhesions,  in  cases 
of  sj-mblepharon  of  the  lower  lid,  the  separation  of  the  tissuers  up 
beyond  the  old  fornix  and  the  excision  of  all  the  larger  masses  or 
strands  of  scar  tissue.  The  wound  surface  of  the  sclera  should  then 
be  covered  with  conjunctiva  from  tlie  same  eye  (latei-al  displacement 
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or  Teale's  flaps)  or  from  the  other  eye,  or  iu  case  of  necessity  with 
mucous  membrane  from  the  lip.  The  covering  of  the  inner  surface 
of  the  ej^elid  should,  be  accomplished  Avith  mucous  membrane  from 
the  mouth  or  with  skin.  The  skin  may  be  taken  in  the  form  of  a 
pedunculated  flap  from  the  upper  cheek  (Rogmann)  twisted  inward 
through  a  buttonhole,  or  as  a  non-pedunculated  flap  or  graft. 

It  is  important  for  the  success  of  operations  for  symblepharon  b}' 
flap  and  simple  tissue  transplantation  (1)  To  be  able  to  operate  con- 
veniently and  see  clearly  by  performing  a  preliminary  external 
blepharotomy,  extending  the  incision  through  the  skin  .5  to  1  cm. 
beyond  the  bony  ridge  and  usuall}''  adding  a  second  incision  at  the 
temporal  end  extending  1  to  1.5  cm.  perpendicularly  up  or  down. 
(2)  It  is  important  to  suture  the  conjunctiva,  whether  laterally  dis- 
placed in  pedunculated  or  non-pedunculated  flaps,  firmly  to  the 
sclera,  the  anterior  part  of  the  tendon  of  the  inferior  rectus  or  to 
Tenon's  capsule;  (3)  The  mucous  membrane  or  skin  for  the  eyelid 
should  be  transplanted  not  in  a  state  of  tension,  but  in  maximal  in- 
volution and  amply  large. 

The  whole  surface  of  the  scleral  wound  need  not  be  coA^ered  with 
conjunctiva  or  mucous  membrane,  it  is  sufficient  to  cover  the  area 
contiguous  to  the  ucav  fornix.  The  surface  near  the  cornea  Avill 
epithelialize  comparatiA'el}^  rapidh'.  ^ 

If  there  is  a  wing-shaped  extension  of  the  conjunctiva  upon  the 
cornea  it  may  be  used  to  cover  the  inner  surface  of  the  eyelid. 

If  the  conjunctiva  is  so  reduced  in  A^olume  that  lateral  displace- 
ment is  impossible  and  if  conjunctiva  cannot  be  taken  from 
the  other  eye,  then  mucous  membrane  from  the  lip  or  in  case  of 
necessity  even  a  skin  graft  should  be  used  to  cover  the  wound  sur- 
face of  the  eyeball  and  the  part  near  the  fornix.  The  durability  of 
the  fornix  is  dependent  on  the  firm  suturing  of  the  non-pedunculated 
flaps.  A  Gullstrand  plate  clothed  in  a  large  non-pedunculated  flap 
of  skin  can  be  employed  successfully  to  coA^er  the  surface  of  both 
Avounds  AA'hen  inserted  and  attached  to  the  eyelid.  Symblephara  of 
the  upper  eyelid  are  difficult  to  combat  and  call  for  transplantation 
of  mucous  membrane  of  the  mouth  upon  the  AA'ound  surface.  The 
upper  border  of  the  mucous  membrane  is  attached  to  the  fan-shaped 
fascia  of  the  superior  rectus  muscle  (H.  Wolfl^).  The  loAver  to  the 
border  of  the  lid  yviih  mattress  suture.  For  the  covering  of  the  bul- 
bar Avound  one  should  employ  lateral  displacement  of  bridged  flaps 
from  the  conjunctiva  of  the  same  eye  in  the  first  place,  secondly, 
transplantation  of  conjunctiva  from  the  other  eye,  and  finally  mu- 
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cons  membrane  from  the  lip  or  a  skin  graft.     In  all  cases  careful 
suturing  to  the  substratum  in  the  new  fornix  is  necessary. 
•     Of  the  man}'  flap  and  simple  graft  methods  described  Kuliut  has 
found  only  three  satisfactory  in  the  treatment  of  the  common  sym- 
blepliara  of  the  lower  lid : 

1.  Temporary-  detachment  of  the  eyelid  according  to  Czermak; 
blepharotcmia  externa,  incision  along  the  loAver  orl)ital  ridge  to  1.5 
cm.  below  the  inner  cornea;  covering  of  the  wound  surfaces  of  orbit 
and  lid  with  Thiersch  grafts;  interposition  of  a  strip  of  gutta  perclia 
paper ;  dressing  as  soon  as  the  grafts  have  healed,  the  edge  of  the  eye- 
lids are  again  freshened  and  the  lid  brought  back  and  secured  in 
its  normal  position. 

2.  The  wound  surface  of  the  eyelid  is  turned  outward  with  strong 
sutures  covered  with  skin  grafts  and  replaced  when  the  grafts  are 
definitely  healed. 

3.  Introduction  of  protheses  suitable  in  size  and  form.  These  are 
covered  Avith  skin  grafts  and  carefully  introduced  between  eyelid 
and  orbital  tissue  (May).  This  method  is  without  doubt  the  most 
convenient  and  simple  and  is  sufficient  for  most  cases.  Unfortunate- 
ly the  fornix,  although  made  deep  by  carefully  severing  all  scar 
tissue  and  penetrating  deep  into  the  loose  tissue  of  the  orbit,  usuallj^ 
shrinks  gradually  and  sometimes  becomes  completely  obliterated. 
One  should  not  speak  of  real  success  until  at  least  half  a  year  has 
passed. 

The  following  rules,  gained  by  experience,  are  of  general  impor- 
tance in  obtaining  good  and  lasting  results. 

1.  One  should  not  operate  too  soon,  not  until  maximum  scar  con- 
traction has  taken  place.  It  is  important  that  the  processes  of  otitis 
and  periostitis,  which  always  contract  the  orbit  considerably  should 
have  come  to  a  complete  standstill  or  at  least,  be  Avell  advanced  in 
the  stage  of  retrogression. 

2.  Scar  tissue  should  be  severed  deep  into  the  orbital  tissue  or 
even,  where  possible,  removed. 

3.  The  skin  flaps  or  grafts  should  be  transplanted  in  a  state  of 
maximum  contraction. 

4.  Empyema  or  pus  should  not  be  present  anywhere  in  the  nose, 
the  sinuses  or  on  the  head. 

For  the  care  of  SAanblepharon  of  the  upper  lid  with  anophthalmus 
the  same  methods  of  procedure  hold  good  in  general,  although  of 
course  Czermak 's  method  cannot  be  used. 

Morax  (Ann.  d'Ocul,  Vol.  154,  p.  321,  Abstr.  Amer.  Jour.  OphthaL, 
Oct.,  1918,  p.  171)   observes  that  whereas  partial  symblepharon  can 
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generall}-  be  managed  readily,  such  is  not  the  ease  in  total  symble- 
pliaron  with  complete  abolition  of  the  conjunctival  sac.  The 
formation  of  a  new  cavity  for  protlicf-is  is  a  most  difficult 
problem.  The  tendency  to  retraction  and  contraction  of  tlic  or- 
bital tissues  is  such  that  the  most  extensive  and  perfect  <j^va.h 
suffers  sncli  I'ctraction.  tliat  the  new  cavity  decreases  great. y  and 
may  even  disappear  ahnost  entirely.  To  obviate  this  tendency, 
^foi'ax  lias  devised  a  procedure  which  consists  essentially  in  the 
formation  of  two  wide  "trap  doors,"  the  raw  surfaces  of  which  are 


Morax   Method    of    Placing    Sutures    to    Secure    Firru    Uniou    of    Edge    of    Flap. 
S  suture;  D  epidermis;  L  S  skin  tiap;  F  raw  surface  left  at  l)ottoin  of  socket. 

turned  outwards  above  and  below  In-  suturing  their  edges  to  the 
skin  after  freshening  the  latter.  Wide  epidermal  grafts  from  the 
arm,  thigh,  or  abdominal  wall  are  then  applied  to  the  raw  surfaces. 

At  the  end  of  three  weeks  the  "trap  doors"  are  replaced  and 
sutured  together  at  their  free  margins  after  freshening.  A  shell  of 
lead  or  enamel  is  placed  and  allowed  to  remain  between  the  doors, 
the  bottom  of  the  cavity  being  now  covered  with  the  graft.  At  the 
expiration  of  from  six  weeks  to  three  months,  the  palpebral  margins 
are  cut  and  prothesis  is  possible.  The  same  procedure  is  applicable 
Avhere  the  orbital  cavity  is  still  occupied  bv  a  globe  or  stump. 

Repair  is  difficult  also  in  those  cases  of  perforating  injuries  of 
the  eyelids,  nose  or  sinuses  in  which  the  inner  angle  of  the  eye  ha-s 
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been  drawn  down-\vard  and  in-\vard  and  is  firmly  adherent.  Kulint 
obtained  good  results  by  making  an  incision  on  the  crista  lacrimalis 
anterior,  beginning  1  cm.  above  the  ligament  and  extending  down- 
ward 1()  the  incisura  infraor])italis  or  even  further  temporally  to 
the  rim  of  the  orbit.  The  periorbita  was  then  loosened  with  an  ele- 
vator about  3  cm.  deep  and  the  whole  mobilized  contents  of  the  orbit 
M'ith  the  eyelid  were  sufficiently  raised.  Firm  sutures  both  to  the 
]ieriosteum  and  to  and  in  tlie  eyelid  assure  union  in  the  correct  posi- 
tion. 

A  sufficiently  large  peduiiculateil  flap  must  be  drawn  over  if  tlie 


i 


Morax  Operation  for  Total  Symblepharon.  Skin  flap  dissectod  up,  and  free  from 
edge  attached  to  skin  at  upper  and  lower  margins  of  socket.  Left  iu  vertical 
section.  Eight  as  viewed  from  the  front.  LS  upper  flap.  LI  lower  flap,  F  raw 
surface. 


skin  in  the  region  of  the  lachrymal  sac  and  inner  cornea  of  the  eye 
has  been  destroyed  by  the   injury. 

In  those  rare  cases  in  which  the  nasal  j^ortion  of  both  ui)per  and 
lower  eyelid  have  been  lost  there  is  usually  also  destruction  of  the 
eye.  In  these  eases  blepharoplasty  is  performed  first  on  one  eye 
and  then  on  the  other.  If  the  eyeball  is  still  functioning  as  organ 
of  sight  or  at  least  retains  its  form.  Landolt's  procedure  seems  justi- 
fied. HoweA'er.  it  will  usually  be  necessary,  iu  order  to  relax  the 
eyelid  diaphragm  sufficiently,  to  sever  the  skin  muscle  layei-  and 
the  fascia,  with  subsequent  transplantation  of  grafts. 

Numerous  forms  of  sliding  and  pedicled  flaps  have  been  employed 
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for  reconstructing  the  loAver  fornix,  mainly  the  methods  of  Snellen, 
Maxwell,  Dieffenbach,  Harlan,  Rogman  or  some  modification  of  these 
procedures. 

Danis  (Ann.  d'Ocul.,  Febr.,  1916  and  Brit.  Jour.  OpJithal,  June, 
1918,  p.  332-5)  reconstructs  the  lower  cul-de-sac  by  cutaneous  au- 
toplasty,  modifying  Snellen's  method,  and  turning  a  pedunculated 
flap  of  skin  from  the  temporal  region  over  to  the  lower  fornix  Avhere 
its  margins  are  united  to  those  of  the  lacerated  palpebral  conjunc- 
tiva. 

Maxwell's  operation  for  the  restoration  of  the  lower  cul-de-sac  is 
also  available  in  many  of  these  military  injuries,  although  the  lid 
tend",  to  ectropionize  later  at  its  outer  portion,  a  fault  which  can  be 
avoided  by  making  a  narrower  flap  than  was  proposed  by  Maxwell. 
The  little  pucker  of  the  skin  which  forms  below  the  lid,  if  not  spon- 
taneously taken  up,  is  easily  excised.  This  operation,  as  detailed  by 
Schwenck  and  Posey  (Awn.  OpJithal.,  Nov.,  1918,  p.  576),  embraces 
an  incision  along  the  whole  length  of  the  bottom  of  the  shallow  cul- 
de-sac,  some  5  or  6  mm.  deep  throughout  its  extent.  An  incision  is 
now  made  in  the  skin  of  the  lid  about  i/o  cm.  below  the  margin  of 
,the  lid  and  a  second  incision  is  curved  below  this,  thus  enclosing  a 
semilunar  area  of  skin  about  12  mm.  broad  in  its  widest  part,  which 
is  to  line  the  new  cul-de-sac.  The  upper  limiting  incision  of  this 
skin-crescent  is  now  deepened  until  it  joins  the  incision  in  the  cul- 
de-sac,  the  margin  of  the  lower  lid  now  forming  a  bridge  attached 
only  by  its  extremities.  The  crescent  is  dissected  from  its  borders 
until  only  about  1/6  of  the  whole,  near  the  center,  remains  attached 
to  the  subjacent  tissues. 

The  bridge  of  skin  bearing  the  lashes  is  now  held  fonvard  and  the 
crescent  slipped  under,  its  extremities  being  sutured  into  the  angles 
of  the  first  incision  and  its  upper  border  being  held  in  place  by  two 
or  three  sutures.  The  lower  border  is  next  brought  up  and  stitched 
to  the  conjunctival  edge  of  the  bridge,  thus  doubling  the  crescent 
upon  itself  and  forming  a  groove,  the  posterior  wall  of  which  is 
made  of  the  upper,  the  anterior  and  the  lower  half  of  the  crescent, 
the  undissected  pedicle  holding  the  floor  of  the  groove  down.  The 
closure  of  the  wound  on  the  lid  surface  has  to  be  done  with  much 
care  as  the  edges  are  of  unequal  length.  The  sutures  are,  therefore, 
placed  first  in  the  center  of  both  edges  and  then  midway  on  each 
side,  continuing  this  method  of  suture  until  coaptation  is  complete, 
A  con  former  with  a  central  opening  for  irrigation  and  drainage  is 
introduced  for  7  to  10  days  in  order  to  depress  the  cul-de-sac  during 
healing. 
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Scliwenck  and  Posey  (loc.  cit.)  have  applied  Maxwell's  ingenious 
method  of  transposition  of  skin  for  the  restoration  of  the  lower  enl- 
de-sae  by  taking  skin  from  some  point  above  the  orbit  in  order  to 
reform  the  npper  cul-de-sae.  Work  in  this  region  is  complicated  by 
the  presence  of  the  levator.  Healing,  however,  is  very  rapid  here 
and  the  flaps  show  easy  adaptability  and  marked  vitality.  An  exact 
planning  of  the  incision  and  precise  marginal  coaptation  insure 
prompt  healing  and  no  especial  scarring.  The  method  offered  by 
these  operators  consists  of  a  careful  separation  of  the  margins  of 
the  two  lids  and  free  dissection  of  the  underlying  tissues.  The  ex- 
ternal eanthus  is  divided.  The  lower  cul-de-sac  is  restored  by  Max- 
well's method  and  the  upper  by  transposing  long  flaps  taken  from 
the  forehead  above  the  brow,  care  being  taken  to  include  no  hairs  in 
the  margin  of  the  flap.  The  edges  of  the  flap  must  be  nicely  coap- 
tated  to  the  margin  of  the  upper  lid  and  the  upper  border  of  the 
skin  secured  by  the  i\Iaxwell  procedure.  The  restoration  of  the  ex- 
ternal eanthus  is  now  essential  to  the  retention  of  the  conformer  and 
must  be  firmly  made  by  passing  two  double-needled  sutures  of  No. 
4  silk  through  the  skin  of  the  upper  pillar  of  the  old  eanthus  and 
out  through  the  raw  surface  of  the  lower  pillar,  on  the  skin  surface 
of  which  they  are  tied  over  buttons.  The  pedicle  of  the  flap  is  thus 
buried  under  this  bridge  of  tissue,  and  unless  the  tension  on  the 
pillars  is  too  great,  union  is  promjjt  and  satisfactory.  Should  the 
tissues  give  way,  however,  the  eanthus  may  be  restored  later  bj- 
excising  a  diamond-shaped  area  of  skin  from  the  pedicle  of  the  flap 
and  uniting  the  edges  of  the  denuded  area  in  the  manner  described. 
No  sinus  or  flstulous  tract  results  from  thus  burying  the  skin  be- 
neath the  united  pillars  nor  does  discomfort  arise  from  hairy  out- 
growth from  the  flap.  During  the  first  month  there  is  considerable 
desquamation  of  the  skin  but  this  lessens  and  the  socket  dries  and 
becomes  increasingly  commodious  under  the  influence  of  the  con- 
former  which  is  in  the  shape  of  an  artificial  eye  and  which  gradually 
moulds  the  orbit  into  the  shape  necessary  for  the  retention  of  a 
])rcthesis.  A  firm  bandage  is  applied  over  the  orbit  with  its  pro- 
thesis  for  at  least  two  weeks. 

In  Golovine's  operation  for  su])plying  a  socket  suitable  for  an 
artificial  eye,  Avhere  there  has  been  great  loss  of  intraorbital  tissue, 
a  tongue  of  skin  from  the  temple  is  slipped  into  the  orbit  beneath 
an  undisturbed  bridge  of  skin  at  the  outer  aspect  of  the  orbit. 
Where  the  occlusion  is  incomplete  and  some  conjunctiva  is  still 
present  this  may  be  freed  and  transferred  to  cover  the  lower  lid, 
while  the  raw  area  thus  created  in  the  bulbar  tissues  is  covered  bv 
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a  skin  graft  placed  over  a  conforiuer,  which  is  kept  in  place  for 
about  8  days  after  which  an  artificial  eye  is  soon  introduced.  Re- 
taining conjunctival  stitches  which  are  placed  through  the  entire 
thickness  of  the  lid  may  be  made  to  exaggerate  the  sulcus  by  tighten- 
ing them  daily  after  the  fourth  day  although  it  is  wisest  not  to  carry 
this  to  the  full  point  of  cutting  through  the  lid. 

Restoration  of  the  sulci  by  the  Esser  inlay  method  will  be  con- 
sidered in  detail  under  the  heading  of  Reconstruction  of  the  EyeJich. 

The  fre(iuency  of  tissue  defects  in  the  lids  as  well  as  in  the  ad- 
joining soft  and  bony  tissues  has  led  to  a  far  better  evaluation  of  the 
procedures  offered  for  their  correction  than  Avould  have  been  pos- 
sible in  view  of  the  relatively  rare  incidence  of  such  injuries  in  civil 
and  industrial  traumas.  Some  of  the  old  plastic  operations  have 
been  discarded  as  inapplicable  to  military  injuries,  one  epochal  ad- 
vance in  plastic  surgery  has  appeared,  that  of  the  epithelial  inlay 
method  of  Esser  and  has  been  the  means  of  overeoming  many  hith- 
erto intractable  deformities,  Avhile  the  relation  between  early  treat- 
ment and  subsequent  deformity  has  been  clearly  established  and 
formulated. 

The  importance  of  early  treatment  and  of  the  form  which  tliis 
treatment  takes  cannot  be  overemphasized.  As  has  been  repeatedly 
stated  debridement,  which  has  proven  of  such  great  value  elsewhere 
in  the  body,  is  inapplicable  to  injuries  of  the  eyes  and  their  adnexa, 
and  as  a  consequence,  although  early  reparative  work  is  of  the 
greatest  value  and  may  be  immediately  curative,  primary  union  is 
less  often  obtained,  and  the  opei'iitive  scarring  not  infrequently 
further  complicates  that  of  the  injury  when  the  problem  comes  up 
for  its  final  oi^erative  solution. 

The  plastic  gains  obtained  by  immediate  reconstructive  attempts 
so  far  outweigh  the  minor  risks  of  failure,  howcA'er,  as  to  be  in  no 
wise  deterrent  in  every  case  of  traumatic  lid  defects,  unless  com- 
plicated by  other  injuries  of  such  extreme  general  gravity  as  to 
make  any  cosmetic  surgery  impious.  In  general,  clelayecl  treatment, 
and  in  feci  ion  influence  local  recovery  and  resforation  fully  as  much 
if  not  more  than  the  origined  loss  of  tissue.  Infection  is  uoav  recog- 
nized as  the  chief  factor  in  delayed  union,  hence  the  rule,  which  has 
been  very  generally  a(lo]>te(l,  that  wo\uids  of  the  lids  are  to  be  cleaned 
thoroughly,  only  such  tissue  removed  as  is  defhiitely  devitalized,  and 
sutures  placed  to  restore  the  tissues  to  as  near  to  normal  position 
and  appearance  as  possible,  particularly  in  the  canthal  regions.  In 
most  of  tliis  early  work  drainage  to  some  extent  should  be  provided 
if  possible,  and  especijilly  if  the  wounded  man  faces  transportation. 
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The  actual  recoiLstruetion  of  the  tissue  and  contraetiu-al  defects 
which  follow  lid  injuries  is  done,  for  the  most  part,  weeks  or  months 
after  their  occurrence.  In  those  graver  eases  Avliere  the  loss  of  tissue, 
infection  and  scarring  have  been  serious,  plastic  work  is  not  con- 
sidered until  the  wound  has  completely  hea'.ed  and  maximum  con- 
tracture obtained,  tliese  conditions  being  essential  for  tlie  l)est  results. 

Three  elementary  points  in  the  plastic  surgery  of  the  lids  must  De 
emphasized:  (a)  An  individual  plan  must  be  adopted  to  fit  the 
peculiar  conditions  of  each  case  of  lid  defect;  ()))  it  is  a  mistake  to 
attempt  too  much  in  one  sitting,  especially  where  a  serious  deformity 
exists,  and  (c)  plastic  operations  must  not  be  planned  to  appear 
beautiful  at  the  moment  of  tlieir  completion.  There  is  always  con- 
siderable contraction  in  tlic  flaps  and  grafts  and  the  reconstruction 
which  leaves  the  table  as  an  an-urate  replica  of  the  region  before  its 
injury  is  likely  to  i^rove  much  more  defective  later  as  a  result  of  this 
contraction,  than  the  Avound  with  its  skin  edges  so  elevated  by  excess 
of  new  tissue  that  they  appear  as  protuberances. 

Plastic  slirgery  of  the  lids  nuiy  be  descri])ed  according  to  the  means 
of  repair  employed  as  reconstruction  with  (a)  sliding  and  flaps, 
(b)  pedunculated  flaps  from  tlie  adjacent  tissues,  (c)  pedunculated 
flaps  from  a  distance  and  (d)  epitiie'ial  inlays  and  outlays  (Esser's 
method  and  its  modification). 

Nearly  all  of  these  methods,  save  tlie  great  fla})  operations  for 
covering  gross  tissue  defects,  are  carried  out  under  local  anesthesia 
with  or  without  an  initial  injection  of  morphia  according  to  the 
nervous  type  of  ])atient.  Vp  to  12  cc.  of  1  per  cent,  novocain  can 
be  injected  if  necessary  without  general  eflx'ct.  Tincture  of  iodine 
is  the  main  reliance  for  local  ])reparation  and  antitetanus  serum 
should  be  a  routine  preliminary,  combined  in  suspicious  cases  with 
antistreptococcic  serum.  Careful  massage  is  of  A-alue,  when  the 
wounds  have  healed  sufficiently  firm^v  to  ]")ermit,  in  producing  smooth 
and  well-vitalized  tissue. 

Conditions  ol"  the  lids  whicli  i'C(|iiii'e  re;onsti'uctio)i  after  biitth^ 
injury  vary  from  the  ti'aumatic  defects  of  small  colobomata  to  more 
or  less  complete  loss  of  one  or  both  lids  and  include  the  most  dis- 
figuring types  of  invi'i-sions  and  (>vei*sions  of  tlic  lids  as  ;i  whole  or 
in  part,  the  result  of  scrir  tissue  contr.ict  ions. 

The  general  considerations  of  military  ])lastic  surgery  of  the  lids 
are  given  by  Butler  (.4////.  OphthoL,  Afarch,  1919,  p.  103)  and  by 
Kuhnt,  both  of  whom  are  freely  drawn  upon  for  the  following  detail : 

The  V  Y  plastic  method  for  /•( pair  of  cololio/iiafa  have  i)roven  un- 
snitjibh'  save   in  the  most    tri\'i;il   c;ises. 
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The  first  essential  in  all  2)lastic  ivork  is  to  avoid  tension  and,  when 
this  is  impossible,  to  reduce  it  to  a  minimum  and  to  transfer  the 
tension  to  a  spot  where  aseptic  healing  is  more  certain  than  at  the 
actual  seat  of  the  injury.  The  defect  in  the  V  Y  principle  is  that  it 
involves  considerable  tension  at  the  site  of  the  deformity  and  close 
to  the  lid  edges.  Suppuration  is  more  likely  to  occur  here  and  it 
may  lead  to  a  bad  result  Avith  an  unsightly  cicatrix  in  an  exposed 
position.  Although  apparently  less  severe  than  the  flap  method,  in 
actual  practice  the  Y  Y  leaves  more  visible  scars  and  generally  fails 
to  cure  the  malposition  of  the  lid. 

In  the  large  majority  of  such  injuries  a  pedunculated  flap  gives 
the  best  results,  although  when  the  deformity  has  been  produced  by 
burns,  a  flap  cannot  always  be  obtained  and  grafting  may  be  re- 
quired. With  the  pedunculated  flap  the  degree  of  success  is  largely 
influenced  by  the  state  of  the  lid  edges:  if  large  portions  of  the  lid 
have  disappeared  and  much  fibrous  tissue  must  be  cut  away,  the  new 
lid  must  be  built  up  by  successive  stages  and  the  final  result,  though 
a  veritable  triumph  of  surgical  skill  when  contrasted  with  the  original 
defect,  is  apt  to  be  defective,  while  with  an  uninjured  lid  margin,  a 
carefully"  planned  operation  usually  produces  a  satisfactory  lid. 

The  Wolff,  or  whole-skin  graft,  is  sometimes  very  successful  but 
is  uncertain  and  has  been  almost  w^holly  superceded  by  the  Esser 
epithelial  inlay  and  its  modifications. 

Pedunculated  flaps,  generally  cut  from  the  cheek  or  temple,  have 
given  such  uniformly  good  results  that  Butler  uses  them  in  pref- 
erence to  any  other  method  when  the  conditions  are  favorable.  Even 
apparently  trivial  displacements  of  the  lids  are  more  satisfactorily 
treated  by  flaps  than  by  seemingly  less  formidable  procedures,  as 
in  all  but  the  slightest  deformities  a  pedunculated  flap  remedies  the 
defect  with  certainty  and  Avithout  the  production  of  unsightly  sears. 
Unlike  the  V  Y  method,  if  some  suppuration  occurs  along  the  edge 
of  the  transplanted  flap  the  final  result  is  not  prejudiced. 

The  technic  of  the  flap  method  of  rebuilding  lid  defects  is  simple : 
An  incision  is  made  below  or  above  the  edge  of  the  displaced  lid  and 
all  adhesions  and  l)ands  are  freely  separated.  They  often  run  deep- 
ly into  the  orbit.  The  skin  is  undermined  till  the  lid  lies  easily  in 
its  normal  position.  The  length  and  width  of  the  defect  are  now 
measured  with  compasses  and  a  suitable  flap  marked  out.  It  starts 
from  the  outer  edge  of  the  Avound  and  extends  upvv'ard  for  the  same 
length  as  the  wound. 

The  external  incision  is  now  carried  as  low  down  as  the  internal, 
the  part  left  below  being  as  long  as  the  flap  is  wide.     The  flap  is  next 
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dissected  up  first  with  scalpel  and  then  with  scissors  till  it  rotates 
freely  with  no  wrinkle  at  tlie  turn.  The  base  should  be  separated 
as  little  as  possible  to  leave  a  g'cod  blood  suop'y.  The  end  of  the  flap 
must  be  left  blunt  and  the  dapth  of  the  dissection  is  just  as  much 
as  comes  naturally.  Catgut  sutures  are  used.  The  flap  will  be  found 
to  be  healed  firmly  in  place  in  about  a  week. 

In  cases  where  a  depressed  scar  is  caused  by  loss  of  bone,  the  cavity 
left  when  all  the  redundant  fibrous  tissue  is  cut  away,  can  be  filled 
wdtli  fat  from  the  buttocks.  Originally  the  fat  was  inserted  when 
the  flap  was  made,  but  the  fat  is  liable  to  suppurate  and  the  better 
plan  is  to  insert,  it  at  a  subsequent  operation. 

Suppuration  in  the  fat  does  not  imply  that  it  fails  in  its  object 
for  it  becomes  changed  into  a  fibrous  mass  which  more  or  less  fills 
the  cavity.  As  a  matter  of  fact  a  simple  flap  operation  rarely,  if 
ever,  suppurates  but  practically  always  unites  by  first  intention. 
When  the  deformity  is  situated  at  the  inner  aspect  of  the  lids,  flaps 
ma}'  be  cut  from  the  nose  and  forehead  and  the  scars  become  almost 
invisible  with  surprising  rapidity. 

A  modification  of  the  flap  operation  permits  the  replacement  of 
the  eyebrow  and  the  lashes.  Butler  details  a  case  where  the  right 
brow  was  entirely  burned  off  leaving  a  smooth  surface  of  scar  tissue, 
the  lids  being  so  badly  retracted  as  to  cause  complete  lagophthal- 
mus.  The  upper  lid  was  brought  down  by  a  pedunculated  flap  which 
healed  without  obvious  scarring,  while  the  lower  lid  was  brought 
up  by  means  of  an  Esser  epithelial  outlay.  The  thick  and  bushy 
left  brow  was  shaved  and  accurate\v  split  along  its  whole  extent  and 
a  flap  cut  1/4  in  width  comprising  half  the  eyebrow,  with  its  base, 
placed  toward  the  nose,  made  broader.  This  flap  was  rotated  across 
the  nose  and  placed  in  the  bed  created  for  it  above  the  left  eye.  The 
base  of  the  flap  was  divided  under  local  anesthesia  about  two  weeks 
later. 

The  reccnstruction  of  eyelashes  is  more  difficult  but  they  may  be 
manufactured  from  the  brow  as  in  a  case  which  had  lost  the  inner 
half  of  the  eyelid,  including  the  edge.  The  defect  was  supplied  by 
a  flap  from  the  temple  including  the  outer  tip  of  the  eyebrow.  When 
this  flap  was  in  position  the  skin  which  bore  the  hairs  lay  vertically, 
so  a  montli  later  this  brow-bearing  strip  was  cut  as  a  secondary 
flap  with  its  base  near  the  lid  margiu  and  was  rotated  to  lie  along 
the  lid  edge  in  such  a  way  that  the  hairs  pointed  downwards.  The 
illusion  is  complete  in  such  cases  especially  where  artificial  eyes  are 
worn  and  distichiasis  is  harmless.  In  any  case  witli  a  suitable  brow 
this  method  can  be  utilized. 
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Grout  advises  that  if  ])ossible  the  Avouiid  of  elosure  of  eoloboiuas 
of  the  lid  should  uot  enter  the  intermargiual  line  at  right  angles, 
but  obliquely,  thereby  increasing  the  elianees  of  a  good  result  and 
minimizing  the  risk  of  notching  of  the  margin  in  ease  of  failure  of 
the  sutures  to  hold. 

For  coloboma  of  the  inner  canthus,  where  the  lid  has  usually  been 
torn  away  for  the  attachment  and  anchored  below  in  an  ectropion- 
ized  position,  the  method  of  Blaskovics  {ArcJt.  f.  Aufjeiiheilk.,  Vol. 
Ixxxi,  1916)  is  especially  adapted.  Here  the  scar  is  outlined  by 
two  parallel  incisions  which  are  joined  at  their  extremities  and  so 
excise  the  scar  tissue  as  we'l  as  its  latci-al  strands  that  the  lower  lid 
lies  perfectly  free.  A  tlaj)  is  now  formed  at  tlic  inner  margin  of  the 
wound,  with  its  base  at  the  l(>vcl  of  the  ang'e  of  the  lids. 

A  straight  incision  is  next  nuuh'  into  the  skin  at  the  temporal  mar- 
gin of  the  wound  just  below  the  adherent  mai'gin  of  the  wound. 
This  small  incision  gapes  in  the  form  of  a  triangle  and  serves  to  re- 
ceive the  little  fla]i  which  has  ])revi()usly  l)een  formed.  The  wound 
edges  are  carefully  united,  the  little  spur-like  flap  fitting  smoothly 
into  the  gaping  triangle,  and  in  the  subsequent  healing  this  particu- 
lar point  of  union  practically  always  pi'oves  strong  enough  to  retain 
the  lid  in  excellent  position. 

Blaskovics  (ihid)  pre-ents  another  prot-edui-e  suited  for  those  un- 
common colobcmiata  of  the  lower  lid  in  which  the  margin  has  suf- 
fered in  its  mid-portion  with  a  cicatricial  area  and  resulting  ectro- 
pion. The  first  incision  is  made  about  1  cm.  below  aiul  parallel  with 
the  margin  of  the  lid,  througliout  the  whole  length  of  the  lid.  The 
scar  is  then  circumscril)ed  by  two  incisions  which  i-un  vertical  to 
the  margin  of  the  lid  and  complete\v  separate  tlie  bridging  flap. 
The  scar  is  thoroughly  dissected,  with  it-;  lateral  expansions,  and  the 
margins  of  the  coloboma  are  apjiroximated  by  three  interrupted 
sutures.  The  ectropion  is  thereby  corrected  and  a  semilunar  raw 
surface  is  formed  beneath  the  sutured  lateral   flaj). 

This  crescentic  defect  is  covered  by  making  an  incision  whicli 
runs  from  a  ]K)int  1.5  to  2  cm.  from  the  inner  horn  of  the  crescent 
down  and  out  on  the  cheek.  A  Burrows  triangle  is  made  at  the  end 
of  the  incision  and  the  ])ointed  fia])  with  subcutaiu^uis  fat  is  then 
dissected  as  far  as  its  base  and  sutured  in  its  new  position.  While 
this  operation  was  devised  primarily  for  coloboma,  according  to 
Grout,  it  developed  good  results  in  cicatricial  ectropion,  where,  after 
the  first  incision  is  made  parallel  to  the  lid  margin,  the  skin  between 
the  incision  and  the  lid  margin  is  dissected  up  and  scar  tissue  re- 
moved so  that  the  lid  is  brought  into  position  against  the  globe.    The 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN   13803 

second  incision  begins  at  the  inner  end  of  the  defect  and  rnns  down 
on  to  the  cheek,  ending  in  a  Burrows  triangle.  Tlie  flap  is  then  nn- 
dermined  as  in  the  preceding  operation  and  tlie  defect  covered  l)y  it. 

Where  a  central  coloboma  of  the  npper  lid  is  associated  with  a 
considerable  loss  of  tissne  a  Wickeriewics  plastic  or  the  Landoldt 
operation  are  of  valne.  In  the  former,  the  transfer  of  tissue  from 
the  lower  lid  to  fill  the  gap  in  the  npper  leaves  a  decided  disfigure- 
ment in  the  lower  lid,  making  the  Landoldt  operation  preferable, 
Avhere  possible.  In  this  procedure,  when  the  colobcma  involvi'S  tlie 
inner  third  of  the  lid,  its  edges  are  trimmed  and  an  intermarginal 
incision  is  made  out  to  the  external  canthus,  and  from  here  a  curved 
incision  is  extended  upward  for  1.5  to  2  cm.  The  intermarginal  in- 
cision is  then  deepened  until  the  lid  is  split  into  two  parts,  the  quad- 
rangular skin  flap  tluis  formed  being  s^id  over  tlie  defect  in  the  lid 
and  sutured  into  ])osit!on.  The  scondary  defect  i)roduced  is  cov- 
ered later  by  a  Thiersch  graft. 

Kuhnt's  treatment  of  coloboma  of  the  eyelid  calls  for  procedures 
varying  according  to  the  breadth  and  position  of  the  coloboma  (nasal, 
medial,  temporal),  also  according  to  the  involvement  of  the  tarsal 
part  alone  or  the  whole  breadth  of  the  eyelid,  and  according  to 
whether  the  coloboma  adheres  with  scar  tissue  to  the  bony  edge  of  the 
orbit  or  not. 

Direct  union  is  usually  possible  in  the  generally  triangular,  medial 
tarsal  colobomas  if  they  are  not  broader  than  at  most  1  cm.  and  their 
edges  have  been  properly  freshened.  If  the  tension  resulting  is 
great,  it  may  be  relaxed  with  external  blepharotomy  Avith  subsequent 
severing  of  all  the  tissue  of  the  eyelid  between  skin  and  conjunctiva, 
e.speciaHy  after  freeing  it  from  the  fibrous  strands  extending  be-, 
tween  the  tips  of  the  tarsus  and  the  orbital  wall.  If  necessary,  one 
may  also  add  a  perpendicular  incision  about  1  mm.  temporally  from 
the  punctura  lacrimale  through  tarsus  and  conjunctiva.  A  rule  valid 
in  all  coloboma  cases  should  be  especialh"  emphasized,  and  that  is 
that  the  edge  of  the  lid  should  jut  out  convexly  upward  or  down- 
w^ard,  as  the  perpendicular  suture  of  the  tw^o  edges  of  the  "wound 
always  forms  a  somewhat  retracting  scar  and  this  will  otherwise 
easily  cause  an  indentation.  In  tarsal  coloboma  the  edge  should  be 
placed  about  1  to  1.5  mm.  higher;  in  coloboma  extending  to  the 
orbital  margin  2  to  3  mm. ;  and  in  those  adherent  to  the  bone  4  to 
5  mm. 

Raising  the  edge  is  accomplished  in  the  most  simple  manner  by 
making  the  edges  of  the  coloboma  oval  1.  e.,  curving  convexly,  es- 
pecially in  the  upper  or  lower  part  of  the  tarsus,  and  also  by  incis- 
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ing'  tliroiigli  the  tarso-orbital  fascia  for  some  distance  parallel  to 
the  bone. 

The  colobomas  of  the  wliole  breadth  of  the  eyelid  usually  call  for 
thorough  excision  of  the  sui-rounding  scar  tissue,  convex  curving  of 
the  edges,  incision  through  tlie  fascia  and  besides  these  also  a  hori- 
zontal incision  thrcugh  llic  anterior  surface  of  the  lid  on  the  margo 
orbitalis,  in  order  to  permit  certain  union  by  lateral  displacement 
and  suture.  In  wide  colobomas  even  this  frequently  does  not  relax 
the  tissues  enough,  displacement  nasally  of  the  Avhole  temporal  part 
of  the  lid  becomes  necessary :  incision  lengthening  the  incision  of  the 
blepharotomia  externa  1.5  to  2  cm.  beyond  the  rim  of  the  orbita, 
addition  of  a  second  incision  extending  downward  or  upward  and 
medially  at  an  angle  of  35  to  iO°,  mobilization  of  the  skin  flap  as  far 
as  the  orbital  rim,  and  transcision  of  the  fascia  of  the  eyelid  tempor- 
ally and  above,  temporally  or  below. 

Broad  colobomas  adherent  to  the  bone  and  usually  associated  with 
marked  ectropion  are  difficult  of  repair,  especially  when  the  orbital 
rim  or  the  maxillary  sinus  is  injured  at  the  same  time.  They  cannot, 
of  course,  be  repaired  until  the  sinusitis  is  cured  or  at  least  there  is 
no  longer  anj^  secretion. 

Kuhnt,  basing  on  extensive  experience,  recommends  the  following 
mode  of  procedure  in  the  medial  forms : 

1.  Vertical  incision  through  the  adherent  scar  tissue  from  the  con- 
junctiva into  the  sound  part  of  the  cheek,  extirpation  of  the  always 
considerable  masses  of  scar  tissue  and  the  severance  of  all  larger 
strands  extending  laterally  into  the  lid  and  posteriorly  into  the  orbit. 
2.  Incision  through  the  anterior  surface  of  the  eyelid  and  laterally 
through  the  fascia  tarso-orbitalis  parallel  to  the  edge  of  the  eyelid 
and  2.5  to  3  cm.  from  it.  3.  Shortening  of  the  edge  of  the  lid  which 
has  become  too  long  on  account  of  the  stretching.  4.  Transplanta- 
tion of  solid  fat  with  fascia  lata  from  the  lateral  surface  of  the  thigh 
in  order  to  repair  and  fill  out  the  hollow  made  in  excising  the  scar 
tissue  and  raising  the  lid.  5.  Firm  suturing  of  the  two  lid  flaps  so 
that  the  edge  of  the  lid  at  the  point  of  suture  will  at  first  project 
convexly  about  4  to  5  mm.  more  than  what  is  desired  later. 

The  cosmetic  success,  which  after  primary  union  is  usually  as- 
toundingly  good,  in  some  cases  diminishes  gradually  on  account  of 
the  inevitable  atrophy  of  the  transplanted  fat  tissue.  For  this  rea- 
son also  prevention  by  means  of  raising  the  edge  of  the  eyelid  is 
necessary. 

Kuhnt  was  unable  to  get  satisfactory  results  with  those  methods 
employing  only  the  lateral  displacement  of  the  parts  of  the  lid,  or 
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with  those  in  which  one  or  both  of  these  parts  is  split  into  anterior 
and  posterior  horizontally  and  drawn  over  the  defect  after  it  had 
first  been  mobilized  by  means  of  a  perpendicular  incision  at  the  outer 
cantlms  of  the  eye  and  extending  up  to  the  cyel)row  or  to  the  orbital 
rim. 

Kulint  (lor.  cit.)  comparing'  ectropion  of  the  upper  and  lower  lids, 
states  that  in  ectropion  of  the  lower  lid,  even  complete,  the  function 
of  the  e3'e  need  not  have  suffered  but  it  invariably  does  in  even  mod- 
erate ectropion  of  the  upper  lid. 

He  divides  the  reconstructive  blepharopla.sty  into  3  steps;  the  re- 
leasing of  the  eyelid,  the  extirpation  of  scar  tissue  with  smoothing 
and  leveling  of  the  wound  surface,  and  the  covering  of  this  surface 
by  drawing  over  adjacent  skin  or  transplanting  other  tissue. 

In  releasing  the  ectropionized  lid  the  incision  should  never  be 
placed  at  the  edge  of  the  eyelid,  but  rather  as  far  from  it  as  possible, 
on  an  average  0.5  to  1.0  cm.  from  it.  The  skin  is  then  detached 
from  the  underlying  scar  tissue  with  flat  section  with  broad  curved 
scalpel,  extending  down  to  or  near  the  edge  of  the  eyelid  in  form  of 
a  flap,  the  base  of  which  is  at  the  edge  of  the  lid.  Then  the  mass  of 
scar  tissue  is  separated  from  the  remaining  tissue  of  the  lid.  This 
must  be  done  very  thoroughly  and  the  resulting  wound  surface  must 
be  freed  carefully  of  all  roughness  and  shreds  of  tissue. 

If  at  all  possible  hemorrhage  is  first  completely  stopped  and  then 
the  adjacent  skin  mobilized  and  drawn  over  to  cover  the  defect  (if 
necessar}-  relaying  incisions  through  the  skin  must  be  made).  On 
the  whole  skin  transplantation  is  usually  necessary,  either  in  form 
of  single  or  double  pedunculated  flaps  from  the  surroundings,  or 
non-pedunculated  flaps  from  other  regions.  Both  methods  have  a 
number  of  advantages  and  disadvantages,  with  which  the  reader  is 
familiar. 

In  general,  the  employment  of  a  pedunculated  flap  from  the  clieek 
is  advisable  for  the  reconstruction  of  the  lower  lid,  in  case  there  are 
no  deep  scars  in  the  clieek ;  for  the  vipper  eyelid  it  is  advisable  to  use 
a  non-pedunculated  flap,  in  order  not  to  make  the  lid  too  voluminous 
or  heavy.  The  very  justiflable  fear  of  subsequent  formation  of  puffs 
after  transplanting  pedunculated  flaps  can  be  avoided  by  making  it 
impossible  for  the  flap  to  roll  up.  This  is  done  by  suturing  the  mid- 
dle part  of  the  flaps  firmly  to  the  substratum  and  by  suturing  tlie 
edges  of  the  flap  to  the  surrounding  skin  in  such  a  way  that  the 
deeper  parts  of  skin  and  subcutaneous  tissue  which  are  especially 
prone  to  roll  up  are  uniformlj-  spread  out  and  kept  under  slight  ten- 
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sioii.  To  do  this  the  suture  is  luKssed  deeply  tlirough  the  wound  sur- 
face and  only  superfieiall}'  through  the  epidermal  surface. 

In  employing  non-pedunculated  flaps  or  the  Thiersch  graft,  it  is 
iniiDortant  that  they  be  transplanted  suffiriently  large  and  in  a  state 
of  maximum  contraction  (tliey  should  therefore  be  prepared  on  the 
day  preceding  the  operation  and  then  left  in  place).  They  should 
be  spread  out  on  the  wound  without  being  stretched  and  their  edges 
should  be  inserted  under  the  surrounding  skin  to  keep  them  from 
slipping. 

Total  loss  of  the  upper  lid  gives  the  greatest  trouble  and  makes  the 
loss  of  the  eye  practically  inevitable.  New  upper  lids  can  be  con- 
structed by  pedunculated  flaps  but  they  are  without  musculature 
and  the  best  that  can  be  hoped  for  is  enough  of  a  retaining  wall  to 
aid  in  the  support  of  an  artificial  eye.  No  satisfactory  result  can  be 
obtained  in  the  upper  lid  unless  the  levator  is  functioning.  Recon- 
struction of  the  whole  thickness  of  the  lid  varies  in  the  upper  and 
lower  lid. 

If  there  is  no  total  defect  and  tiie  lid  has  merely  been  torn  off  from 
the  inner  commissure  it  is  usiially  found  as  a  rapidly  shrunken  and 
more  or  less  shapeless,  roUed-up  mass  below  the  temporal  canthus. 
Even  when  there  are  many  adhesions  one  should  try  to  detach  and 
replace  the  lid.  To  do  this,  it  is  necessary,  however,  to  mobilize  the 
base  of  the  remnant  of  the  lid  by  lengthening  the  palpebral  fissure 
(after  blepharotomy)  and  the  scar  of  the  tear  (about  3  cm.)  with 
diverging  incisions;  by  loosening  the  flap  thus  formed  and  displac- 
ing it  as  much  as  possible  toward  the  nose  after  that  careful  and 
firm  suturing  of  not  only  the  tip  near  the  internal  ligament  but  also 
of  the  whole  lower  edge  of  the  flap  at  short  intervals  to  the  periosteum 
of  the  orbital  margin. 

The  employment  of  a  pedunculated  flap  according  to  Fricke  de- 
mands special  consideration  in  reconstruction  of  the  lower  lid.  The 
wound  surface  should  either  be  epithelialized  previously  (Eversbusch) 
or  should  be  accomplished  by  implanting  a  prothesis  covered  in  the 
Thiersch  grafts  or  flaps  of  mucous  membrane.  Success  is  more  cer- 
tain when  the  skin  covering  the  scar  is  used,  or  if  that  is  not  suffi- 
cient, in  conjunction  Avith  skin  from  the  adjacent  portion  of  the 
upper  part  of  the  cheek.  A  vertical  incision  is  made  downward 
about  1.5  cm.,  connecting  the  incision  Avith  the  lower  convex  curve, 
peeling  off  of  the  thin  skin  Avith  a  broad  scalpel  beyond  the  termina- 
tion of  the  scar  and  as  far  as  the  conjunctiA^a  bulbi.  This  flap  is 
then  tAvisted  upAvard  and  fixed  Avith  several  mattress  sutures  at  the 
fornix  and  the  upper  edge  of  the  flaps,  thus  forming  the  lid. 
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Special  attention  also  sliould  be  paid  to  the  lixation  of  Frieke'.s 
flap.  In  the  nasal  corner  of  tlie  eye  attachment  should  be  made  to 
the  inner  ligament,  if  possible  with  tlie  posterior  part  and  the  perios- 
teum. For  this  purpose  Kulmt  splits  the  tip  of  the  flap  into  a  thicker 
i)osterior  and  superficial  anterior  layer  and  unites  the  first  with  the 
ligament,  the  second  with  tlie  skin. 

DieflPenbach-Szymanowski's  method  may  be  used  by  varying  it  for 
each  individual  case  and  combining  it  with  the  transplantatiou  of  a 
skin-cartilage  flap  frcm  the  ear  to  the  wound  surface. 

Kuhnt  however  thinks  the  following  method  more  suitable  than 
the  two  just  mentioned:  The  remnant  of  eyelid  is  used  in  conjunc- 
tion Avitli  a  bridged  flap  2.5  to  .'J  cm.  broad  taken  from  the  immediate 
adjacent  skin  of  the  upper  part  of  the  cheek.  This  is  properly  raised, 
sutured  with  its  loAver  edge  to  tlie  periosteum  of  the  orbital  rim  and 
padded  into  a  skin  cartilage  flap  from  the  ear  according  to  the 
Biidinger-Birch-Hirschfeld  method.  The  resultant  defect  is  covered 
by  lateral  displacement  of  adjacent  skin  of  the  cheek  or  with  Thiersch 
grafts. 

Parts  of  the  upper  intact  lid  shou'd  never  be  used  for  the  recon- 
struction of  the  lower  as  the  upper  eyelid  is  so  vastly  more  important 
for  the  protection  of  the  eye  than  the  reconstruction  of  the  lower. 

Reconstruction  of  the  ui)]>er  eyelid  is  exceedingly  more  difficult 
because  Fricke's  flaps  can  be  used  in  only  a  very  limited  way  on 
account  of  their  weight  and  immobility.  Even  Avhen  the  eye,  as  is 
usually  the  case,  is  missing  or  shrunken,  the  cosmetic  appearance 
requires  sufficient  opening  of  the  palpebral  fissure. 

When  the  lower  lid  is  intact  the  author  repeatedly  advises  its 
transplantation.  The  marginal  scar  is  excised,  the  tendons  of  the 
levator  and  Midler's  muscle  are  secured  in  loops.  Excision  of  the 
papilla?  of  the  lashes  of  the  lower  lid  and  freshening  of  the  inter- 
marginal  edge  of  the  tarsus,  then  firm  suture  of  the  two  wound  sur- 
faces. In  order  to  have  broad  and  perfect  union  and  to  avoid  ten- 
sion, the  anterior  layer  of  the  eyelid  and  the  fascia  tarsi-orbitalia 
are  incised  below  the  tarsus  from  nasal  to  temporal  orbital  rim.  A 
Thiersch  graft  is  transplanted  upon  the  gaping  wound.  If  neces- 
sary these  relaj'ing  incisions  are  also  placed  in  the  remnant  of  the 
upper  lid.  After  one  or  two  months  the  new  palpebral  fissure  is 
formed,  if  possible  in  the  lowest  part  of  the  tarsus.  The  wound  sur- 
faces are  then  covered  with  narroAv  strips  of  mucous  membrane  from 
the  mouth  and  later  a  border  of  eyelashes  is  tattooed  onto  the  edges 
of  the  new  upper  and  lower  eyelid. 

Landolt's   method,   as   previously   mentioned,    may   also   give   good 


13808   WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

results  in  that  the  lower  lid  is  split  up  into  a  skin-mnscle  and  tarsus- 
conjunctiva  layer.  The  conjunctiva  of  the  upper  fornix  is  then 
loosened  frcm  the  sear  and  united  with  the  line  of  incision  in  the 
lower  lid.  One  should  then  wait  a  few  months  so  that  the  stretched 
tissues  will  no  longer  show  any  tendency  to  shrink  and  the  new 
palpebral  fissure  is  then  formed. 

If  the  eye  has  been  lost  or  there  remains  only  a  small  phthisic  bulb, 
but  the  orbital  portion  of  the  upper  lid  is  still  preserved,  reconstruc- 
tion may  be  attempted  with  a  bridged  flap  taken  from  this  portion. 
The  wound  surface  is  covered  by  drawing  down  the  mobilized  fornix 
or,  better  still,  with  a  skin  cartilage  flap  from  the  ear  and  interposi- 
tion of  a  cartilage  segment  also  from  the  ear. 

In  the  case  of  extensive  wounds  and  cicatrices,  especially  those 
following  cordite  burns,  much  more  radical  methods  are  sometimes 
necessary  in  order  to  give  the  patients  physical  and  mental  comfort 
and  to  humanize  the  aspect  of  their  faces.  Under  such  conditions 
the  gross  flap  transplantation  of  Tagliocozzi,  known  as  "the  Italian 
method"  or  the  spectacular  plastic  introduced  by  Snydacker  {Amer. 
Jour.  Ophthal.,  July,  1919,  p.  529)  and  modified  by  Morax  and  others, 
which  utilizes  the  skin  of  the  neck  in  a  long  flap,  furnish  the  only 
possibility  of  operative  relief. 

Esser  in  the  A^mals  of  Surgery,  March,  1917,  described  a  revolu- 
tionary method  for  enlargement  of  the  conjunctival  sac  and  lid- 
reconstruction  among  his  "Studies  in  Plastic  Surgery  of  the  Face." 
The  method  he  detailed  at  that  time  follows : 

"The  enlargement  of  the  conjunctival  sac  is  very  often  required 
to  make  room  for  the  eye  prothesis.  In  these  cases  the  eyelid  skin 
is  then  cut  parallel  with  the  eye  slit,  higher  or  low^er  according  to 
the  case;  generally  scars  must  be  taken  away.  And  now,  after  lift- 
ing the  upper  part  of  the  cut,  an  impression  can  be  taken  (best  with 
the  assistance  of  a  dentist)  with  sterilized  wax  material.  This,  after 
hardening,  is  carefully  surrounded  in  the  manner  described  with 
very  thin  Thiersch  graft,  which  is  then  placed  in  the  wound,  and 
closed  with  pressure. 

"The  mould  must  be  made  in  a  manner  and  with  such  pressure 
that  its  size  is  such  that  afterwards,  on  sewing  the  wound  together, 
sufficient  tension  results.  Before  cutting  the  Thiersch,  which  only 
takes  place  when  everything  is  prepared  to  receive  it  immediately, 
without  first  placing  it  in  a  physiological  solution,  the  hollowed 
mould  must  be  placed  in  the  hollow  and  the  incision  pressed  together 
with  the  fingers,  to  see  if  the  tension  is  correct,  otherwise  the  mould 
can  be  altered.     It  is  not  practical  to  enlarge  by  adding  to  it,  as 
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the  appropi-iatioii  leaves  a  line  where  the  Thiersch  later  on  falls  in, 
l)ii1  it  is  better  to  make  a  new  mould  if  the  first  prove  too  small.  It 
is  possible  to  dcL-rease  the  size  if  too  large,  by  cutting  before  it  is 
quite  hard  and  softening  down  the  cuts. 

"Closing  under  pressure  by  the  scAving  is  necessary  for  two  rea- 
sons— first,  the  Tliiersch  is  pressed  everywhere  for  quick  healing, 
and  second,  possible  bleeding  is  jn-evented.  Though  I  construct  the 
hollows  b}'  cutting  on  purpose  to  open  the  largest  possible  number 
of  little  blood-  and  lymph-vessels  (by  all  free  transplantations,  I 
prefer  this  method  to  the  blunt  preparation  in  general  use,  because 
it  gives  better  healing  condition).  By  sewing  together  under  pres- 
sure, the  small  A'es-;e's  are  all  closed — only  the  large  arteries  must 
be  squeezed  or  twisted,  but  not  tied,  as  no  foreign  substance  may 
remain  between  inlay  and  wound.  In  consequence  of  the  pressure 
a  primary  healing  of  the  suture  is  not  sure,  but  mostly  of  less  im- 
portance as  an  ugly  scar  can  be  easily  corrected  afterwards.  After 
about  two  weeks  the  conjunctival  sac  is  cut  parallel  to  the  eye  split, 
and  at  such  a  distance  from  it  where  the  inlay  is  nearest  to  the  sur- 
face. The  mould  is  removed  and  the  smoothly  healed  hollow  is  an- 
nexed to  the  eye  hole  in  order  to  receive  the  eye-prothesis,  which 
must  be  placed  directly  so  that  the  still  elastic  hollow  can  adapt  itself 
to  the  prothesis  form.  It  is  now  clear  that  the  hollow  must  be  con- 
structed everywhere  as  near  as  possible  to  the  raucous  membrane." 

In  one  case  reported  by  Esser,  where  the  inlay  did  not  sufficiently 
approximate  the  conjunctiva,  the  opening  into  the  epithelialized  cav- 
ity closed  and  the  operation  was  a  failure. 

Butler  {loc.  cit.)  states  that,  in  his  opinion,  the  chief  sphere  of 
this  operation  is  in  cases  of  severe  burning,  when  the  surrounding 
skin  is  parchment-like  and  flaps  cannot  be  obtained.  Its  advantages 
are  that  the  graft  invariably  takes  because  it  is  subject  to  pressure 
against  the  surface  to  which  it  will  adhere  and  it  is  kept  warm  and 
moist.  Again  it  allows  a  free  liberation  of  the  contracted  area  and 
is  usable  when  older  procedures  are  inapplicable.  Its  disadvantages 
are  that  the  cosmetic  eflPect  is  mediocre ;  the  graft  has  a  wrinkled, 
parchment-like  appearance  and  some  depression  remains.  Again 
the  edges  are  apt  to  l)e  hard  and  obvious  and  to  call  for  subsequent 
excision. 

Butler  gives  further  important  details  of  the  method :  An  inci- 
sion is  made  along  the  lid-edge  as  already  described.  The  skin  is 
so  undermined  that  a  pouch  is  formed.  A  piece  of  "dental  stent" 
or  "dental  molding  wax"  is  warmed  and  molded  till  it  fits  into 
the  pouch  easily  after  covering  it  with  egg  albumen.     An  epithelial 
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skin  graft  is  now  sewn  around  the  stent,  wliieli  is  put  into  the  pouch 
and  the  edges  of  the  poueh  are  united  by  4  or  5  sutures.  In  from 
7  to  10  days  the  wound  opens  spontaneously  or  is  opened  and  the 
stent  removed.  The  poueli  will  be  found  to  be  lined  with  epithelium. 
It  gradually  unfolds,  liberating  the  eontraeted  lid.  Among  the  im- 
portant details  is  the  fact  that  the  dental  ''stent"  is  spoiled  by  boil- 
iiig  but  is  still  good  enough  for  our  purpose.  We  boil  it  in  an  enamel 
basin  and  Avith  sterilized  fingers  mold  it  to  size  and  lay  it  down  in 
a  sterilized  towel  placed  on  a  table  provided  with  a  chair  of  suitable 
height.  On  the  table  are  placed  needles  tlireaded  with  thin  catgut, 
needle  holder,  and  conjunctival  forceps.  Molding  wax  is  easier  to 
use,  but  it  can  not  be  boiled  because  it  melts  to  a  film  which  floats 
upon  the  water.  It  must  be  softened  in  warm  water,  molded  into 
shape,  and  sterilized  by  immersion  in  an  aqueous  solution  of  bioxide 
of  mercury  1 :500.     An  alcoholic  solution  tends  to  dissolve  the  wax. 

The  graft  which  must  be  about  1)4  inches  square,  is  cut  from 
the  flexor  surface  of  the  forearm,  arm,  or  from  the  inner  aspect  of 
the  thigh.  The  ai-m  must  be  flexed  or  the  muscles  Avill  stand  out  and 
the  cut  w^ill  be  too  deep.  The  surface  is  made  flat  by  the  use  of  2 
thin  boards  with  well  squared  edges,  each  about  14  ii^^^i  thick.  A 
sharp  razor  is  employed,  a  stream  of  saline  being  poured  over  its 
edge  as  it  cuts.  The  graft  must  be  thin  and  should  not  include  any 
subcutaneous  tissue.  The  graft  is  now  laid  on  the  sterilized  towel 
and  spread  out  with  raw  surface  downward.  The  "stent"  is  placed 
on  it  and  the  graft  sewed  round  it  with  fine  catgut.  Conjunctival 
forceps  are  convenient  for  this.  The  line  of  sutures  must  be  placed 
so  that  they  lie  toward  the  outside  Avhen  the  "'stent"  is  placed  in 
the  pouch. 

When  the  unfolding  is  complete  it  may  be  necessary  to  excise  the 
edges  which  sometimes  remain  hard  and  raised.  It  is  necessary  to 
make  the  original  incision  long  enough  to  allow  the  pouch  to  flatten 
out  easily,  otherwise  a  pit  will  persist  and  a  second  operation  be 
necessary  to  unfold  it.  When  the  graft  has  to  be  placed  vertically 
at  the  inner  canthus,  a  secondary  intervention  is  generally  needed 
to  complete  the  unfolding. 

The  Esser  technic  is  perfectly  easy  to  accpure,  but  experience  is 
needed  to  determine  the  most  suitable  shape  for  the  "stent."  A 
flat  crescent  seems  best  for  a  mold  placed  above  or  beloAV  the  lids. 
"Stents"  with  a  round  cross-section  tend  to  deep  pits  with  incom- 
plete  unfolding. 

The  above  is  an  outlay.  An  inlay  is  used  to  place  grafts  in  the 
conjunctiva  to  remedy  contracted  sockets. 
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Esser's  techiiic  lias  been  sueeessfully  modified  by  Waldron  and 
by  Gillies.  Waldron,  ({noted  by  McKee,  {Canadian  Med.  Assoc. 
Jour.,  Feb.,  1918)  makes  the  ineision  in  tlie  eonjnnetival  sac  instead 
of  tlirongh  the  eyelid  skin ;  an  imi^ression  eomponnd  monld  is  made, 
covered  with  the  skin  graft  and  bnried  in  the  manner  described, 
except  that  over  the  monld  are  sntnred  the  cnt  margins  of  the  con- 
jnnctiva.  lie  suggests  undercutting  the  tissues  of  the  cavity  a  little 
so  as  to  make  the  cavity  somewhat  larger  than  the  desired  enlarge- 
ment of  the  sac,  and  also  suggests  that  in  many  cases  it  is  found 
difficult  to  make  the  incision  close  to  the  tarsus.  In  making  an  in- 
ferior fornix  he  overcomes  this  by  making  the  incision  outwards  and 
slightly  downwards  for  a  distance  of  one  cm.  from  the  external 
canthus.  This  modification  has  the  folloAving  advantages,  in  his 
words : 

"1.  Unnecessary  scarring  of  the  eyelids  is  prevented  and  the  nor- 
mal elasticity  of  the  skin  not  impaired.  As  it  is  not  uncommon  to 
have  an  accumulation  of  serum  develop  aromid  the  buried  graft, 
sutures  may  give  way  and  slight  infection  may  take  place  without 
impairing  the  success  of  the  graft.  These  minor  complications,  how- 
ever, in  the  case  of  inlays  buried  through  an  incision  in  the  eyelid 
skin,  may  lead  to  granulations  and  scarring,  and  in  rare  instances 
epithelialized  fistula^  have  developed  necessitating  operative  excision 
and  closure. 

"2.  The  exact  position  of  the  new  fornix  may  be  better  outlined 
by  an  initial  inci::ion  through  the  conjunctiva  than  by  the  under- 
cutting to  a  point  just  beneath  the  surface  of  the  conjunctiva.  In 
our  experience,  the  fornix  may  be  made  closer  to  the  tarsal  plate  by 
incising  through  the  conjunctiva. 

"3.  The  depth  and  direction  of  the  cavity  can  be  readily  deter- 
mined according  to  the  necessity  of  the  individual  case." 

Gillies  in  a  masterly  article  {Trans.  Ophthal.  Soc.  U.  Kingdom, 
Vol.  xxxviii,  p.  70)  on  plastic  operations  on  the  eyelids,  deals  mainly 
with  his  use  and  modifications  of  Esser's  method.  His  first  modi- 
fication consists  in  the  graft  covered  mould  being  buried  in  the  sub- 
cutaneous tissues  of  the  eyelid  through  an  incision  in  the  skin  and 
is  removed  through  that  incision.  By  this  method  the  eyelid  skin  is 
increased  to  the  extent  of  the  graft.  This  is  especially  useful  in  con- 
tractions folloAving  burns.  The  second  method  may  be  termed  an 
epithelial  overlay.  Here,  extensive  undercutting  may  be  necessary 
before  the  remains  of  the  eyelid  can  be  brought  to  the  normal  posi- 
tion and  the  covering  in  of  a  graft  covered  mold  is  impossible. 
"After  the  remains  of  the  eyelid  have  been  sewn  in  a  favorable  posi- 
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tion,  scars  excised  and  an  impression  taken  of  the  entire  raw  area, 
a  Thiersch  is  then  applied  to  the  raw  area  and  held  firmly  in  place 
by  means  of  the  compound  impression.  Tliis  may  be  left  in  position 
for  ten  or  twelve  daj's.  By  this  procedure  the  employment  of  pe- 
dunculated flaps  may  be  avoided  in  many  cases." 

McKee  details  two  cases  in  which  this  method  was  employed : 
Pte.  l\r.  W.  was  sent  to  West  Cliff  for  repair  of  his  right  socket  to 
enable  him  to  wear  a  glass  eye.  After  the  usual  preparation,  and 
under  an  anesthetic,  an  incision  was  made  along  the  lid  margin  the 
entire  length  of  the  damaged  third  of  lid,  the  edges  were  separated  and 
dissection  was  continued  to  a  depth  thought  necessary.  The  cavity 
was  then  fitted  with  a  mold  of  sterilized  dentist's  compound  and 
sutures  loosely  put  in  place  through  the  lines  of  incision.  When  the 
compound  had  been  pared  to  the  proper  size,  a  Thiersch  graft  was 
obtained  from  the  arm  and  wrapped  around  the  compound  with  the 
skin  surface  next  to  the  compound.  This  was  then  placed  in  the 
cavity,  which  had  been  thoroughly  dried,  and  the  sutures  were  drawn 
so  as  to  keep  the  compound  firmly  held  within  this  cavity.  Ten  days 
later  the  stitches  were  removed,  the  compound  taken  out,  the  graft 
had  united  entirely,  the  desired  line  of  the  lid  had  been  repaired  and 
the  patient  able  to  wear  a  glass  eye. 

Spr.  W.  M.,  service  of  Captain  W.  E.  Ainley,  with  left  anophthalmos, 
was  unable  to  wear  a  glass  eye  on  account  of  the  shallow  nature  of 
the  lower  conjunctival  cul-de-sac.  Line  of  incision  along  the  lower 
conjunctival  sac  was  made,  an  epithelial  inlay  set  in,  on  compound 
and  sutured,  the  compound  was  removed  ten  days  later,  the  epithelial 
inlay  had  entirely  taken  and  made  the  wearing  of  a  glass  eye  a  simple 
matter. 

McKee  declares  that  results  obtained  in  extensive  ectropion  follow- 
ing burns,  by  the  epidermis  outlay,  technique  of  Gillies,  are  most 
satisfactory.  ''Equally  so  are  the  results  obtained  by  the  epidermic- 
method  of  Waldron  in  injured  lids  and  in  shallow  and  distorted  con- 
junctival sacs.  The  development  of  military  ophthalmology  along 
these  lines  has  been  extensive.  The  repair  and  even  the  reformation 
of  the  whole  lid  as  well  as  the  repair  of  the  conjunctival  cul-de-sac  by 
the  Esser,  Gillies  and  Waldron  methods,  marks  an  epoch  in  ophthalmic 
surgery. " 

Gillies'  epithelial  outlay  is,  roughly,  the  converse  of  the  inlay.  His 
first  idea  Avas  to  insert  it  from  the  mucous  membrane  side  and  to 
remove  it  from  the  skin  side  of  the  lid  which  would  be  the  exact  con- 
verse to  the  treatment  for  entropion  conditions  but  the  necessity  for 
the  complication  of  inserting  it  from  the  mucous  side  was  not  apparent 
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so  it  Avas  inserted  from  the  outside  and  the  mold  removed  from  the 
same  incision. 

For  ectropion  of  the  upper  lid  Gillies  makes  a  curved  incision  just 
above  the  lid  margin.  This  is  deepened  slightly,  but  not  down  to  the 
tarsal  plate  and  care  is  taken  as  far  as  possible  to  avoid  interference 
with  the  levator  palpebra:'  superioris  muscle.  To  a  certain  extent  the 
flap  of  skin  lying  above  the  incision  between  the  incision  and  brow  is 
undercut.  This  undercutting  is  continued  until  the  lid  margin  de- 
scends to  a  lower  level  than  normal. 

A  mold  is  then  taken  of  this  cavity,  covered  with  skin  graft  in  the 
same  way,  and  the  skin  united  again  at  the  original  incision. 

When  the  skin  is  thus  sewn  up  again  over  the  mold  the  ectropion 
is  more  pronounced  for  the  time  being  until  the  mold  is  removed. 
This  incision  is  not  tightly  closed,  so  that  there  are  one  or  two  gaps 
in  it  which  allow  the  new  epithelium  to  grow  around  the  margin  of 
the  incision.  In  some  of  the  cases  the  incision  has  been  reopened  and 
the  mold  removed  on  the  10th  day.  The  lid  now  drops  below  the 
normal  level  and  the  ectropion  is  permanently  cured. 

Where  there  is  no  hurry  in  removing  the  mold  the  incision  gradu- 
ally opens  of  its  own  accord,  save  for  one  or  two  bridges  of  skin  easily 
divided  without  anesthesia.  After  the  mold  is  removed  there  is  no 
doubt  as  to  the  cure  of  the  ectropion,  but  if  a  nice  edge  has  not  been 
produced,  there  is  the  appearance  of  an  epithelialized  ulcer,  which, 
however,  in  the  course  of  time  softens  with  massage  and  the  natural 
movement  of  the  lid.  Tlie  outlays  in  llie  upper  lids  give  a  ver}^  neat 
appearance  in  some  of  the  cases,  imitating  very  naturally  a  normal 
lid. 

This  has  been  successfully  applied  to  such  conditions  as  burned  eye- 
lids, in  wliich,  in  order  to  give  the  eye  a  chance,  it  is  necessary  to  get 
the  upper  lid  over  the  cornea,  a  result  lieing  possible  of  attainment  in 
from  5  to  7  days. 

In  cases  of  burns,  where  the  outlay  method  is  not  altogether  appli- 
cable, Butler  urges  that  immediate  grafting  should  be  used  in  order 
to  prevent  contraction.  When  the  burned  surface  has  become  clean 
and  covered  with  healthy  granulations,  a  thin  and  purely  epithelial 
graft  is  cut  and  carefully  spread  over  the  raw  area  where  it  is  covered 
thickly  with  vaseline,  above  which  is  a  dressing  of  oiled  silk  beneath 
another  layer  of  vaseline.  Whon  this  dressing  is  removed  at  the  end 
of  ten  to  fourteen  days  the  graft  has  usually  grown  and  has  become 
almost  invisible. 

Plastic  opn-aiions  of  ihc  orhlt  prior  to  the  war  consisted  mainly  in 
covering  the  deficit  in  the  malar  and  orliital  regions  with  a  transjilant 
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of  fat  behind  a  sliding  flap,  or  in  using  a  Wolff  graft.  The  compara- 
tive frequency  of  the  broad,  mutilating  injuries  in  this  region  earl}' 
in  the  war,  developed  new  ideas  for  the  closure  of  the  great  naso- 
orbital  defects,  for  building  up  the  shattered  orbital  rim  and  for  filling 
in  the  great  sulci  grooved  in  the  side  of  the  head  and  face  by  the 
tangential  passage  of  high-velocity  missiles  and  rough  shell  fragments. 

:\Iorestin  {Bull,  de  VAcad.  dc  Med.,  May  23,  1916)  suggested  the 
use  of  a  cartilage  transplant  for  repairing  orbital  breaches,  skull 
defects,  the  lower  jaw  and  other  points  where  a  stitf  and  durable  sub- 
stance was  required.  He  found  the  costal  cartilages  best  adapted  for 
the  purpose,  especially  the  sixtli,  seventh  and  eighth  costal  cartilages 
from  the  same  or  anotlier  person.  lie  fills  the  breach  with  scraps  of 
cartilage  or  the  cartilage  entire,  sometimes  leaving  arms  to  project 
beyond.  No  sutui-ing  is  required ;  the  suturing  of  the  soft  parts  above 
holds  all  in  place.  The  perichondrium  surface  is  turned  inward  as  this 
side  is  apt  to  curve.  The  fragments  blend  and  grow  together  and  grow 
solidly  to  the  adjoining  tissues.  l>y  the  end  of  a  few  days  the  gap  is 
thus  filled  with  a  solid  mass,  and  the  skull  or  other  bone  seems  regular 
and  solid.  Morestin  thinks"  that  the  cartilage  persists  as  such,  as  he 
has  seen  no  evidence  of  ossification.  His  experience  in  the  repair  of 
war  wounds  has  confirmed  his  assertions  during  the  last  two  years  that 
cartilage  is  the  easiest  of  all  tissues  to  transplant,  and  the  best  of  all 
for  purposes  of  repair  where  a  light  skeleton  is  sufficient. 

Lagrange  {loc.  fit.)  gives  three  methods  for  repair  of  the  orbital 
walls  (a)  metallic  plates,  (b)  fat  grafts  and  (c)  cartilage  grafts.  He 
states  that  in  beginning  such  work  he  frequently  attempted  too  much 
at  one  sitting  but  that  his  procedure  finally  became  standardized  to  a 
preliminary  blepharoplasty,  followed  about  six  weeks  later  by '  the 
necessary  implantation  of  cartilage  and  fat. 

In  general  orbito-plastics  are  performed  (a)  to  close  off  broad  com- 
munications between  orbit  and  nose  or  maxillary  sinus;  (b)  to  replace 
larger  defects  of  the  bony  orbital  waU  and  (c)  to  fill  up  the  orbital 
contents  when  these  have  been  forced  down  into  the  nose  or  the 
antrum.  As  for  the  closing  of  l)road  communications  with  nose  or 
maxillary  sinus,  after  the  sinusitis  has  cleared  a  pedunculated  flap 
should  be  formed  with  the  base  of  the  pedicle  as  high  as  or  a  little 
below  the  bony  ridge  of  the  orbit.  Then  comes  incision  through  the 
,  soft  tissues  down  to  the  bone,  where  periorbita  is  loosened  in  the  whole, 
circumference  of  the  defect.  The  flap  is  then  twisted  around  and  back 
so  that  the  epidermidal  surface  faces  the  nose  or  the  sinus.  The  edges 
of  the  flap  are  sutured  to  the  periorbita  or  the  periosteum  of  the  nose. 
At  the  end  of  10  days  the  pedicle  is  severed. 
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For  the  partial  replaceineiil  of  the  osseous  rim  of  the  orbit  both 
transplantation  of  a  i)eriosteal  Ijone  Hap  from  the  frontal  bone  or 
tile  body  of  the  malar  bone  may  l)e  used  for  transplantation  of  a  suit- 
able flap  of  fat  and  fascia  lata. 

When  broad  destruction  of  the  lower  or  iinier  wall  of  the  orbit  has 
taken  place  and  the  contents  of  the  orbit  have  been  forced  down  into 
the  nose  or  the  maxillary  sinus,  it  is  usually  impossible  to  replace 
them.  Nevertheless  some  tilling  for  the  orbit  has  to  be  devised  in  order 
to  avoid  severe  disfigurement  and  to  form  a  support  for  the  prothesis. 
Attempts  at  transplantation  of  fat  tissue  under  the  conjunctiva  gave 
just  as  unsatisfactory  results. as  those  made  in  order  to  flatten  out  the 
upper  fold.  Satisfactory  results  were  to  be  had  by  first  severing  the 
outer  commissure  and  the  conjunctiva  and  then  transplanting  broad, 
thick,  cone-shaped  fiai)s  with  iiari'ow  pedicle  from  the  side  of  the 
cheek  and  the  fort'head.  It  is  necessary,  however,  that  the  flap  be 
chosen  sufiicieiitly  long  and  that  the  cone-shaped  end  be  securely 
fastened  to  the  ijeriosteum  near  the  inner  coi-ner  of  the  eye.  As  soon 
as  the  ti'ans])lants  are  definitely  healed  in,  their  ])edicles  are  severed 
and  the  outiT  corner  of  the  eye  is  reunited  aftei-  the  manner  illustrated 
by  Davis. 

When  the  malar  bone  has  been  lost,  the  temporal  muscle,  swung 
forward,  makes  an  excellent  b(  d  upon  which  to  make  a  later  graft  of 
a  cartilaginous  orbital  ring,  as  suggested  by  Gillies.  It  imparts 
rotundity  to  the  cheek  and  gives  a  sense  of  real  expression  owing  to 
the  action  of  the  temj)oral  muscle  in  its  new  situation. 

Gillies  makes  the  economical  suggestion  that  if  more  cartilage  is 
excised  in  the  initial  operation  for  oi'bital  reconstruction  than  is  needed 
at  that  time,  the  remainder  should  be  buried  subcutaneously  in  the 
abdominal  wall,  where  it  will  be  easily  accessible  for  future  work. 

///.  Hopeless  or  Inupernhle  SocAets  aneJ  Facial  Defects. 

The  cases  in  which  wounds  or  the  depredations  of  disease  have  been 
so  severe  as  to  remove  them  beyond  the  range  of  even  the  most  ad- 
vanced plastic  surgical  operations  unfortunately  have  not  been  rare. 
Derwent  Wood  {'Tnnis.  Ophfhal.  Soc.  U.  Kingelom,  Vol.  xxxviii,  p. 
102)  at  the  time  of  his  report  in  May,  1918,  had  treated  about  100 
such  cases,  in  his  technic  a  cast  is  made  of  the  patient's  face  in 
plaster  of  Paris.  All  wound  cavities  are  filled  up  with  dressing  and 
cottonwool,  and  these  in  turn  covered  with  goldbeater's  skin.  The 
nostrils  are  blocked  with  cottonwool,  the  patient  breathing  through  the 
mouth  ;  if  thi'ough  the  nose  a  (|uill  is  inserted  for  breathing  throughout 
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this  operation.  It  depends  on  the  area  of  wound  as  to  whether  nose 
or  mouth  breatliing  can  be  allowed  during  the  process.  Having  ob- 
tained the  mold  and  dried  it  slowly  the  next  stage  is  to  French-chalk 
it  and  take  from  it  a  clay  or  plasticine  s(jueeze,  M'liich  provides  a  posi- 
tive model  of  the  patient 's  liealed  wound  and  the  surrounding  normal 
tissue  surface.  This  model  is  furtlicr  developed  by  means  of  sittings 
of  the  patient,  and  this  stage  is  completed  by  taking  another  cast — 
a  negative. 

The  task  now  is  to  reconstruct  tlie  destroyed  feature  or  features  from 
the  model  taken  from  this  negative  mold,  by  building  them  up  to 
match  the  corresponding  or  adjoining-  features  of  the  patient,  or  from 
prcwound  photographs,  taking  the  utmost  care  the  whole  time  to  keep 
the  adjustment  of  the  edges  to  tlie  patient's  face-planes.  A  cast  is 
then  taken  of  this;  further  manipuhUion  is  required  for  the  fitting  of 
an  artificial  eye  (if  the  case  includes  such)  ;  a  last  comparison  with 
the  original  is  made,  and  tlie  mask,  in  plaster,  is  complete.  From  this 
an  electrotype  plate  is  deposited.  It  is  of  pure  co})per,  ^/jo  inch  in 
thickness.  The  necessary  fitments  for  glass  eye  and  attachments  are 
fixed,  and  it  is  finally  well  covered  with  an  electric  deposit  of  silver. 
Tlie  last  adjustments  are  now  made  to  the  patient's  face,  the  securing 
of  the  plate  to  the  face  being  carefully  considered.  The  attachment 
is  usually  made  by  means  of  strong  spectacles,  but  spirit-gum  and 
ribbons  have  sometimes  to  be  used,  varying  with  the  character  of  the 
wounded  area.  Everything  depends  on  the  efficiency  of  the  attach- 
ments in  the  matter  of  comfort  to  the  patient,  which  is  necessary  in 
such  cases,  so  that  his  attention  shall  never  be  drawn  to  his  deficiency 
unless  necessarily.  The  adjustment  must  be  exact,  therefore,  and  the 
edges  of  the  plate  can  in  no  case  be  allowed  to  part  from  the  sections 
of  the  patient 's  skin  with  which  they  coincide. 

The  plate  has  now  to  be  pigmented  to  match  the  complexion  of  the 
patient.  A  thin  coating  of  cream  colored  spirit  enamel  forais  a  good 
basis  for  the  subsequent  flesh  color  matching,  as  it  leaves  the  oil  color 
mat  when  dry,  which  facilitates  the  blending  of  plate  Avith  face.  If 
the  patient  has  an  oily  or  shiny  skin  a  semblance  is  easily  obtained  by 
varni.sh  rubbed  down  to  match.  The  eyebrows  are  painted  to  match 
and  the  eyelashes  are  made  of  thin  metallic  foil,  carefully  soldered  to 
the  plate,  cut  finely  by  scissors,  and  tinted  to  match.  Renewal  of  the 
pigmentation  must  be  made  from  lime  to  time,  however,  for  scar  tissue 
changes  the  contour  of  the  face,  and  readjustments  must  occasionally 
be  made.  If  these  changes  are  very  great  a  new  plate  may  have  to  be 
substituted  for  the  origiiuil.     Tbe  exquisite  results  of  Derwent  Wood's 
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work  are  too  elaborate  for  the  majority  of  these  cases  who  require  an 
apparatus  which  is  easy  of  adjustment  and  repair. 

To  supply  the  need  for  so  simple  an  ectoprothesis,  Rollet  {Arch. 
d'Ophtal.,  XXXV,  3)  has  had  constructed  a  one-piece  prothesis  with 
orbital  margins,  lids  and  cilia  which  fits  exactly  into  the  depression 
corresponding  to  the  orbit.  This  is  made  of  a  paste  of  water  25. 
glycerine  62.  glue  5.  pure  white  gelatine  20.  to  which  some  yellow  is 
added  to  give  it  the  color  of  the  skin.  When  ready  the  paste  is  var- 
nished with  a  mixture  of  ether  15.  mastic  15.  Canada  balsam  2.50,  The 
patient  makes  his  own  prothesis  by  heating  the  paste  and  pouring  it 
into  a  mold  previously  fashioned  from  his  own  orbital  depression. 

Adam  (Abstr.  Ann.  OpJitkal.,  Nov.,  1917,  p.  594)  makes  a  glycerine- 
gelatine  easting  mold  to  serve  as  a  prothesis  in  these  large  defects  but 
unfortunately  these  last  only  a  limited  time  and  have  to  be  replaced 
frequently. 

Coulomb  and  Ruppe  {Ann.  d'OcuL,  cliii,  4)  replace  the  eye,  the  lids 
and  the  region  about  the  orbit  by  a  prothesis  of  vulcanized  rubber 
which  they  found  superior  to  metal,  porcelain,  celluloid,  gelatine,  etc., 
on  account  of  its  ease  of  handling,  color  and"  lightness.  Ramsey  also 
uses  vulcanite.  It  can  be  molded  with  care  and  painted  to  harmonize 
with  the  surrounding  parts  of  the  face.  The  parts  to  be  replaced  are 
modeled  in  wax  from  which  a  plaster  of  Paris  impression  is  taken. 
The  soft  rubber  is  then  molded  on  the  plaster  of  Paris,  and  vulcan- 
ized. The  artificial  eye  is  cemented  to  the  vulcanite  lids.  After  these 
have  been  colored  to  match  the  neighboring  parts,  the  prothesis  is 
attached  to  a  spectacle  frame. 

In  the  A.  E.  F.  every  case  of  maxillofacial  injury  which  required 
extensive  repair  was  recorded  abroad  in  some  detail  and  these  records 
corelated  with  the  later  records  here  at  home.  At  certain  centers 
abroad,  photographs,  casts  and  wax  models  were  made  of  the  earlier 
conditions,  and  tracings  of  the  roentgenograms.  At  each  of  the  four 
centers  in  this  country  there  is  attached  to  this  service  an  artist,  a 
sculptor,  a  photographer  and  a  stenographer,  and  an  officer  is  assigned 
to  supervise  and  assemble  the  records.  The  Surgeon-General  has  sent 
out  instructions  as  to  the  general  plan  of  these  records,  and  has 
ordered  that  on  completion  of  the  work  all  should  be  sent  to  Washing- 
ton to  be  assembled  with  the  records  from  abroad,  for  a  permanent 
exhibit  in  the  Army  Medical  School  Museum.  Part  of  this  record  is  on 
exhibit  in  the  Exhibition  Hall  here. 

The  matter  of  making  masks  to  camouflage  these  face  injuries  was 
investigated  extensively  by  the  Surgeon-General,  and  a  personnel 
ti-ained  for  the  work.     A  few  wore  iiiado  for  our  soldiers  by  the  Red 
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Cross  ill  Paris,  and  several  here,  by  our  own  staff;  but  the  men  will 
not  wear  them,  preferring  plastic  reconstruction.  According  to  Blair 
{Jour.  A.  M.  A.,  Aug.  2,  1919)  there  is  not  a  single  mask  in  use  by 
our  soldiers,  and  ^lajor  Gillies  of  the  British  service  states  that  the 
soldiers  there  have  the  same  xireference. 

THE  RELATION  OP  MILrrAKY  INJURIES  OP  THE  SKULE  AND  BRAIN  TO  OCULAR 
AND  VISUAL  DISORDERS. 

The  fundamental  considerations  of  the  local  and  remote  effects  of 
military  injuries  of  the  skull  and  brain,  especially  in  their  visual  and 
ocular  reflections,  of  the  surgical  treatment  of  such  injuries  and  of 
their  common  sequels  are  described  at  length  in  Vol.  X  of  this  Encij- 
clopedia,  pp.  7778-7812,  under  the  above  caption. 

Further  confirmation  and  elaboration  of  the  basic  facts  there  noted 
follows  under  the  headings  : 

I.  General  Considerations. 
II.  Classification  of  Cranial  Wounds. 

III.  The   Significance  of  Sicclling  of  the   Optic  Discs   in  Frojectile 
Injuries  of  the  Cranium. 

V.  Disturbances  of  Visual  Association. 
TV.  Visual  Defects  following  Cranio-Cerehral  Wounds. 

I.  General  coxsidoritions.  The  unprecedented  use  of  high  explosives 
and  machine  guns,  the  greater  degree  of  exposure  of  the  head  in  trench 
warfare  and  the  universal  employment  of  steel  helmets,  which  lessen 
the  mortality  in  liead  injuries  while  vastly  increasing  the  number  of 
scalp  and  cranial  wounds,  have  been  the  main  determining  factors  in 
the  increased  fre(|uency  and  severity  of  wounds  of  the  skull  and  brain 
seen  in  this  war. 

The  experience  gained  from  the  study  of  many  thousands  of  such 
cases  has  unified  the  surgical  opinion  that :  1.  The  majority  of  deaths 
among  the  cases  of  cranial  wounds  whicli  survive  long  enough  to 
reach  the  dressing  stations  occur  from  meningitis  and  encephalitis; 
2.  Immediate  and  systematic  surgical  intervention,  done  in  so  far  as 
possible  during  the  few  hours  before  mere  wound  contamination  gives 
place  to  active  infection,  affords  the  greatest,  if  not  the  only,  chance 
for  recovery;  '.->.  Tiie  most  detailed  preliminary  debridement  is  funda- 
mental in  file  m-ijority  of  the  cranio-cerebral  wounds,  which,  in  com- 
mon with  practically  all  wounds,  should  be  given  the  chance  of  union 
by  primary  suture;  4.  Fundamentally  correct  surgery  is  followed  by 
late  sequels  and  residual  iiifirmilies  much  less  often  than  is  commonly 
l)elieved. 
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The  great  number  of  cranio-eerebral  -wounds,  representing  16  per 
cent,  of  all  battle  wounds,  and  their  importance  has  led  naturally 
to  a  monumental  literature,  much  of  which  is  epochal  and  among 
which  the  Avorks  which  stand  out  as  of  the  greatest  ophthalmologic 
importance  and  wliich  are  freely  drawn  upon  in  the  consideration 
of  the  subject  which  follows  are  those  of  Wilms  (Miinchen.  med. 
Wchnsckr.,  Oct.  19,  1915)  establishing  the  principle  of  debridement 
in  these  cases;  Roberts  {Brit.  Med.  Jour.,  Oct.  2,  1915,  p.  498)  and 
Gray  {Brit.  Med.  Jour.,  Feb.  19,  1916),  who  urged  the  routine  use 
of  local  anesthesia  in  this  form  of  cranial  surgery;  of  Uhthoff  {Klin. 
Monatahl.  f.  Aiigenk.,  July-Aug.,  1915),  Pierre  Marie  {Bull,  de 
I'Acad  de  Med.,  Nov.  16,  1915),  Lister  and  Holmes  (April  1,  1916, 
p.  485)  and  Gordon  Holmes  {Jlled.  Press,  Dec.  26,  1917)  on  military 
hemianopias  and  the  cortical  projection  of  the  retina;  Harvey  Gush- 
ing {Mil.  Surgeon,  June,  1916,  p.  601)  and  {British  Jour.  Surg., 
Apr.,  1918,  p.  558)  standardizing  surgical  procedure  in  cranio-eere- 
bral military  injuries;  and  of  Riddock  {Brain,  40:15,  Part  1,  1917) 
and  Holmes  {Brit.  Med.  Jour.,  Aug.  16  and  Aug.  23,  1919)  on  dis- 
turbances of  the  ocular  associative  tracts. 

Gushing  declares  tliat  the  imperfect  training  of  general  surgeons 
in  brain  surgery,  together  witli  the  diverse  and  confusing  forms  of 
treatment  which  were  urged  were  responsible  for  the  early  lack  of 
unanimity  of  opinion  as  regards  the  principles  of  treatment  of  cranio- 
cerebral injuries.  The  surgeon  eannot  ieJl  what  have  teen  the  surgical 
results  in  the  past  of  methods  differing  frotn.  his  own,  nor  can  he  tell 
whether  his  own  percentage  of  recoveries  improves  as  time  goes  on, 
without  the  vital  interpretation  of  methods  given  hg  case  histories 
and  operative  and  terminal  statistics.  Early  in  the  war  searching 
tests  showed  the  folly  of  expectant  treatment  in  cranial  injuries  of 
military  origin,  demonstrated  that  the  bad  repute  of  cranio-eerebral 
operations,  from  the  standpoint  of  infection,  is  delay  in  transporta- 
tion and  showed  that  the  long  stay  of  such  cases  in  the  resuscitation 
wards  is  often  dangerous  where  the  effect  of  cerebral  contusion  is 
confused  with  shock,  the  condition  in  many  of  these  head  cases  show- 
ing no  improvement  until  the  floti  <xl  blood  and  edematous  and  pulped 
brain  whicli  cause  tlie  symptom  ^f  ])i-essu]-e  are  removed.  Tliis 
critical  analysis  of  results  Ird  te  llie  oi)erative  methods  most  gen- 
erally accepted  as  productive  (j1  tiie  best  end  results:  excision  eu 
bloc,  under  local  anesthesia,  of  t'le  contaminated  scalp  wound  with 
the  contaminated  cranial  wound,  painstaking  removal  of  clots  and 
devitalized  l)raiii  by  alternate  in'gation  and  suction  llirough  a  Hex- 
ihle  soft  riil)bei    r-atheter  inserted  into  Hie  ccrcliral  1  rack  of  the  mis- 
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sile,  the  withdrawal  of  bone  fragments,  thus  detected,  by  fine  for- 
ceps and  of  the  projectile  and  its  fragments  by  magnet  extraction, 
wherever  possible. 

Finally,  this  method  of  evaluating  end  results  has  been  the  means 
of  encouraging  further  operative  work  of  this  nature,  the  careful 
studies  of  Sargent  and  Holmes  in  a  scries  of  1239  cases  and  of  Tuf- 
fier  and  Guillain  of  6,664  cases  which  had  recovered  after  trephin- 
ing, showing  that  late  sequels  such  as  epilepsy,  insanity,  delayed 
abscess,  crippling  jjaralysis  and  other  infirmities  arc  far  less  com- 
mon than  is  supposed  to  be  the  case. 

II.  Classification  of  cranial  wounds.  The  classification  of  cranial 
wounds  given  by  Gushing  is  followed  as  being  fully  comprehensive, 
the  neurological  lesions  being  stressed  in  this  rather  than  the  type 
of  cranial  fracture,  which  formerly  held  the  main  attention. 

Cranial  w'ounds  are  graded  according  to  the  existence  of  a  frac- 
ture, the  integrity  of  the  dura,  the  presence  of  local  or  diffuse  cere- 
bral contusion  and  hemorrhage,  the  inclusion  of  a  foreign  bodj',  pene- 
tration of  the  ventricles,  involvement  of  adjacent  air  cavities  and 
finally,  of  massive  injuries.  The  main  elements  concerned  in  intra- 
cranial infection  are  dual  penetration,  extrusion  of  brain  substance, 
penetration  of  the  ventricles  and  exposure  of  the  cranial  fossae  to 
infection  from  the  nose,  inner  ear  and  orbits. 

(1)  Wounds  of  the  scalp,  with  intact  cranium  and  dura  and  oc- 
casionally with  an  underlying  contusion,  had  a  mortality  of  4.5  per 
cent,  in  the  250  cases  of  cranial  injury  operated  upon  by  Gushing. 

Many  scalp  Avounds  wiiich  appear  serious  prove  to  be  trifling  w'hile 
more  which  appear  trifling  prove  to  be  serious.  Hence  even  among 
the  walking  w^ounded  every  scalp  "wound  must  be  regarded  as  a  poten- 
tial penetrating  lesion  of  the  brain.  Even  radiograms  often  fail  on 
lateral  view  to  disclose  slight  depressed  fractures,  while  irregularities 
of  the  skull,  particularly  those  along  the  mid-vertex,  may  be  mis- 
taken for  fractures.  It  is  impossible  to  examine  neurologically,  to 
radiograph  and  to  operate  upon  all  cases  in  times  of  pressure  and 
many  severe  cases  undoubtedly  ai-e  evacuated  under  these  conditions 
as  ambulatory. 

Some  of  the  most  seriously  lacerated  scalp  wounds  are  apparently 
produced  by  the  helmet,  for  when  this  is  guttered  by  a  large  missile 
the  incurved  metal  edges  maj'  plough  through  the  scalp  like  a  harrow 
and  cause  extensive  lacerations. 

The  essential  feature  of  scalp  wounds  is  not  the  condition  of  the 
scalp  or  sJiidl  hnt  ilir  condition  of  the  underlyinri  train,  hence,  tin- 
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less  disproved  hy  investigation,  a  fracture  may  be  supposed  to  tm- 
derlie  every  scalp  wound  made  hy  a  projectile. 

(2)  Wounds  produciug  local  fractures  of  variable  types,  Avith 
the  dura  intaci,  hut  associated  Avith  local  contusions  of  the  hram  or 
extradural  extravasation,  are  fairly  coiinnon  and  gave  a  luortalitj^ 
of  9.2  per  cent,  in  Gushing 's  series. 

In  warfare,  while  most  fractures  are  compound  and  are.  caused  by 
projectiles,  man}-  extensive  fractures  of  the  skull  result  from  falls, 
from  burial  or  from  the  secondary  missile  effect  given  to  the  helmet 
by  the  impact  of  a  heavy  projectile. 

In  this  group  the  inner  table  may  be  intact  or  not,  regardless  of 
the  condition  of  the  outer  table.  If  there  is  no  infection  of  the  scalp 
or  other  parts  of  the  wound,  there  is  no  reason  why  the  dura  should 
not  be  excised  if,  after  a  careful  toilet  which  includes  the  removal 
by  irrigation  and  suction  of  blood  clot  and  pulped  and  devitalized 
brain,  the  dura  is  promptly  closed  by  silk  sutures.  Much  less  repara- 
tive reaction  is  necessary  and  where  the  disorganized  brain  has  been 
left  to  care  for  itself  there  is  a  tardier  convalescence  and  a  slower 
restoration  of  function.  The  consequences  of  not  opening  the  dura 
when  local  symptoms  indicate  the  presence  of  a  contusion  is  well 
shown  by  one  of  Gushing 's  cases  who  sustained  a  guttered  bullet 
wound  8  cm.  long  extending  from  the  right  frontal  eminence  back- 
wards and  towards  the  middle  line.  He  was  knocked  down  but  not 
made  unconscious.  Severe  headache  folloAvecl  with  numbness  and 
weakness  of  the  left  side.  He  reached  the  dressing  station  Avith  aid, 
and  w^as  admitted  to  the  hospital  three  hours  after  injury.  The 
radiogram  shoAved  "depressed  fracture  Avatli  linear  fissures  radiating 
backward  toAvard  the  vertex  and  occiput.  Small  metallic  fragments 
at  site  of  depression."  The  optic  discs  Avere  edematous,  Avith  ob- 
literation of  the  cup,  laminae  and  nasal  margins.  Bight  pupil  larger 
than  left ;  tendency  to  conjugate  deviation  to  the  right.  Weakness 
of  the  left  arm,  leg  and  face,  Avithout  sensory  loss.  Deep  reflexes 
brisk  and  equal.  The  scalp  wound  was  excised  under  the  usual  novo- 
cain anesthesia  eight  hours  after  the  injury,  disclosing  a  depressed 
area  from  which  many  linear  fissures  radiated.  Bloc  trepanation 
showed  fragmentation  of  the  inner  table  and  much  depression.  The 
dura  was  intact  but  extradural  clots  Avere  removed  with  partial  closure 
of  the  wound.  Two  days  later  lumbar  puncture  Avas  done  and  clear 
fluid  withdrawn  as  the  left  arm  had  become  more  helpless.  General 
condition  good.  Two  days  later,  however,  repeated  attacks  of  focal 
epilepsy  appeared  chiefly  in  the  shoulder-girdle  muscles,  associated 
with  turning  of  the  head  and  eyes  to  the  left.     Paralysis  of  the  left 
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arm  became  coinplele.  Extensive  .siibeoDJiuictival  ccclij'mosis  ap- 
peared. The  wound  healed  well  and  remained  in  good  condition  but 
the  focal  epilepsy  continued  and  .slight  numbness  of  the  lingers  and 
occasional  twitching  of  the  left  face  persisted,  leading  to  a  tinal  dis- 
charge as  permanentl.y  unfit. 

In  another  case  the  radiogram  failed  to  show  a  fracture  beneath 
a  scalp  wound  in  the  midline  of  the  oeciput,  caused  by  a  shell  frag- 
ment. Operation,  however,  disclosed  a  depressed  gutter  fracture  of 
the  outer  table,  directly  over  the  torcula  and,  on  trepanation  en  bloc, 
a  widely  depressed  area  of  the  inner  table  was  found  with  fragments 
indriven  to'  a  depth  of  1  cm.  but  with  intact  dura.  Closure  without 
drainage  led  to  an  uneventful  recovery  by  primary  union  and  without 
liemianopia  or  visual  disturbance  resulting. 

(3)  In  local  depressed  fractures  of  various  types,  with  puncture 
of  the  dura,  local  contusions  are  inevitable  and  are  usually  associated 
with  positive  neurological  signs,  although  cerebral  extrusion  is  not 
common.  This  group  furnished  a  mortality  of  11.8  per  cent,  among 
Gushing 's  cases,  the  low  rate  being  occasioned  by  the  fact  that  despite 
meningeal  puncture  or  tearing  by  a  projecting  spicule  of  bone,  and 
even  regardless  of  more  or  less  gross  contamination  of  the  scalp  wound, 
the  comparatively  intact  mosaic  of  bone  fragments  interposes  itself 
between  the  external  wound  and  the  brain  and  thus  makes  extrusion  of 
the  brain  uncommon.  Usually  both  tables  are  depressed,  though  this 
is  not  invaria1)le,  for  the  bone  may  be  merely  fissured  or  scored.  It  is 
not  improbable  that  many  fractures  of  this  type  remain  unverified, 
particularly  Avhen  the  lesion  overlies  the  mid-vertex  and  is  accom- 
panied by  the  so-called  longitudinal  sinus  syndrome  (Vol.  X,  p.  7798), 
in  the  presence  of  which  Sargent  and  Holmes  have  advised  against 
trepanation. 

In  the  ordinary  occipital  injury  of  this  type  the  usual  neurological 
evidences  of  an  injury  of  this  region  appear  as  complete  central  blind- 
ness and  sharply  cut  hemianopia,  either  of  which  may  be  transitory 
or  permanent.  These  lesions  will  be  considered  in  greater  detail  under 
the  head  of  Visual  defects  following  cranial  wounds. 

Frontal  wounds  of  this  type  do  better,  on  the  whole,  than  the  occi- 
pital ones,  despite  the  mental  disturbance  which  may  accompanj^  the 
former  and  the  tendency  of  the  patients  to  disarrange  their  dressings. 

(4)  Wounds  chiefly  of  a  tangential  type  with  dislodged  fragments 
of  bone  which  have  penetrated  the  brain  substance  always  show  severe 
local  contusion  with  almost  inevitable  extrusion  of  the  brain.  Fungus 
cerebri  and  encephalitis  are  common  sequels,  and  were  the  main  cause 
for  the  mortality  of  24  per  cent,  in  this  group  of  Gushing 's  cases. 
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By  far  the  greatest  Jiuniber  of  these  tangential  wounds  are  bullet 
wounds  and  occur  over  the  parietal  area  or  its  junction  with  the  fron- 
tal or  occipital  tields ;  27  such  injuries  were  parietal,  8  occipital  and  3 
frontal  out  of  38  reported  1)y  Gushing.  The  helmet  had  been  per- 
forated in  most  cases  and  the  wounds  were  mainly  single.  The  greatest 
single  factor  in  the  outconu^  of  these  cases  is  whether  the  ventricle  has 
been  penetrated  or  not.  As  tlie  majority  of  these  cases  lie  over  the 
parietal  vertex  many  are  accompanied  by  grades  of  what  has  been 
called  the  longitudinal  sinus  syndrome  (Sargent  and  Holmes,  Brit. 
Med.  Jour.,  Oct.  2,  1915,  p.  493),  an  immediate  bilateral  spastic  para- 
plegia which  resembles  the  birth-palsy  of  Little,  affects  the  lower  more 
than  the  upper  extremities  and  whose  symptomatic  effects  are  at- 
tributed mainly  to  circulatory  stasis,  and  partly  to  the  bilateral  cere- 
bral contusion.  The  great  majority  of  the  fatalities  which  occurred 
in  this  group  of  Gushing 's  cases  were  among  the  occipital  wounds, 
abscess  formation,  meningitis  and  gas  encephalitis  being  the  direct 
causes  of  death. 

A  case  of  this  form  of  injury  occurred  in  a  disoriented  man  who  be- 
lieved that  he  had  been  wounded  two  days  previously,  when  going  over 
the  parapet.  lie  was  stuporous  but  could  be  roused  to  answer  ques- 
tions. Pulse  60 ;  severe  headache  and  vomiting.  The  eyes  were  al- 
most closed  by  edema  of  the  lids  and  subconjunctival  ecchymosis.  The 
right  posterior  parietal  region  showed  a  circular,  ragged,  foul  wound 
about  3  cm.  in  diameter,  from  which  brain  substance  extruded.  The 
radiograph  disclosed  a  fracture  with  a  cranial  defect  and  five  indriven 
fragments  of  bone.  The  right  pupil  was  the  larger  and  the  fundi 
presented  a  low  grade  of  papilledema  with  obscuration  of  the  nasal 
margins.  It  Avas  impossible  to  test  for  hemianopia.  There  were  no 
paralyses  and  the  plantar  reflex  was  normal.  There  were  no  ab- 
dominal reflexes. 

At  operation,  about  48  hours  after  the  injury,  the  scalp  wound  was 
excised  and  bloc  trepanation  showed  a  dural  laceration  with  a  diam- 
eter of  about  2  cm.  through  which  the  fungus  cerebri  protruded. 
Suction  and  irrigation  of  the  track,  with  removal  of  the  bone  frag- 
ments from  the  depths  of  5  to  6  cm.,  gave  complete  relief  of  pressure. 
The  f ungating  portion  of  the  brain  was  excised  and  the  scalp  incisions 
closed  in  layers.  Smears  and  cultures  showed  bacilli  of  the  aerogenes 
eapsulatus  type.  Two  days  after  operation  the  general  condition  was 
excellent.  A  sharply-cut  left  homonymous  hemianopia  was  now 
demonstrable  and  this  remained  as  a  permanent  defect  up  to  the  time 
of  his  evacuation  about  3  weeks  later.  At  tliis  lime  the  wound  had 
healed,  without  tension. 
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lu  another  case  a  soldier  was  struck  by  a  fragment  of  shell  which 
perforated  his  helmet  causing  a  dirty  7  cm.  transverse  gutter  wound 
crossing  the  midline  of  the  occipital  prominence.  He  was  knocked 
down  but  retained  consciousness.  When  seen  5  hours  later  he  had 
central  blindness  and  could  not  perceive  a  flash-light.  The  dura 
over  the  right  occipital  lobe  was  found  lacerated  at  operation,  with 
much  pulping  of  the  lobe.  Disorganized  tissue  was  removed  thoroughly 
by  suction  and  irrigation  and  several  deep  bone  fragments  and  pieces 
of  the  helmet-lining  were  removed.  Bleeding  from  the  sinuses  pre- 
vented a  complete  operative  toilet.  Some  initial  improvement  oc- 
curred associated  with  enough  visual  clearing  so  that  light  objects 
and  blue  colors  could  be  recognized,  but  meningitis  supervened  and 
caused  death.  Autopsy  showed  a  cerebral  fungus  protruding  from 
the  right  occipital  lobe,  severe  contusion  and  pulping  of  the  left  oc- 
cipital lobe,  in  spite  of  an  intact  overlying  dura,  and  extensive  menin- 
geal infection, 

5.  In  penetrating  wounds  with  retention  of  projectile  and  bone 
fragments  in  the  brain,  the  symptoms  depend  upon  the  size  and  course 
of  the  missile  as  well  as  upon  the  implantation  of  pathogenic  organisms 
on  the  lodged  projectile. 

Many  of  these  injuries  herniate  and  the  initial  deep  infection,  the 
deep  contusion  and  destruction  along  the  track  and  later  superficial 
infection  of  the  fungus  are  responsible  for  the  high  mortality  of  36.6 
per  cent.  Many  of  the  smaller  indriven  fragments  are  unquestionably 
well  tolerated  but  that  far  more  cases  will  recover  after  a  rightly 
conducted  operation  than  if  left  to  their  own  salvation  is  the  final  and 
well-grounded  operative  dictum.  Gushing  states  "Some  go  so  far  as 
to  advocate  withholding  operation  altogether,  for  unquestionably  many 
of  the  smaller  implanted  fragments  are  well  tolerated  and  such  local 
infection  as  may  occur  may  be  successfully  overcome  without  operative 
intervention.  Indeed,  in  our  series  of  unoperated  cases,  there  were 
several  wdtli  a  penetrating  projectile,  all  of  which  have  done  well.  On 
the  other  hand  these  particular  cases  would  have  done  equally  well 
with  a  local  operation  and  the  risks  they  took  would  have  been  lessened, 
I  have  come  to  this  opinion  not  only  because  of  the  numerous  examples 
of  abscess  which  have  developed  in  unoperated  cases  sent  to  the  base 
but  also  because  of  the  many  instances  in  this  particular  series  in  which 
death  occurred  from  a  small  abscess  at  the  end  of  a  tract  which  after 
ten  days  or  two  weeks  broke  into  the  ventricle. ' ' 

The  cerebral  lesions  which  may  occur  are  so  multiform  that  no  neu- 
rological subdivisions  of  much,  if  of  any  value,  can  be  made.  The 
tracks  made  by  the  missile  vary  from  those  a  few  centimeters  in  depth 
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to  those  which  completely  traverse  the  braiu  without  emerging ;  or  the 
missile  may  rebound  from  the  skull  and  take  a  new  course  in  the  brain 
one  or  even  more  times,  making  intracerebral  tracks  in  as  many  dif- 
fercjit  directions  befoj-e  it  lodges.  Tlir  trauma  may  be  fatal  or  neg- 
ligible, depending  upon  the  course  of  the  missile,  its  size  and  injur}'  to 
blood  vessels  or  other  vital  structures. 

This  group  is  mainly  temporal  and  prognosis  of  temporal  wounds 
is  distinctly  better  than  of  occipital. 

Cultures  made  from  lodged  projectiles  nearly  always  show  that  they 
have  carried  organisms  of  more  or  less  pathogenicity  into  the  tissues. 

In  the  following  case  penetration  was  deep  enough  and  the  damage 
sufificiently  severe  to  injure  the  geniculo-calcarine  pathway.  The 
square  missile  punched  its  way  through  the  squamous  wing  and  car- 
ried the  bone  fragments  with  it :  A  shell  fragment  passed  beneath  a 
helmet  and  caused  a  penetrating  wound  3  cm.  above  the  right  pinna 
with  brain  extrusion.  Tlie  X-ray  showed  a  large  missile  5  cm.  deep 
and  a  fracture  of  the  squamous  bone.  There  was  weakness  of  the  left 
arm  and  face,  deflection  of  the  tongue  to  the  left;  left  homonymous 
hemianopia ;  deep  reflexes  active  on  the  left  with  a  positive  Babinski, 
but  barely  elicited  on  the  right  side.  About  18  hours  after  the  injury 
and  with  the  use  of  novocain  anesthesia  a  square,  punched-out  win- 
dow was  found  in  the  squamous  wing,  with  the  bony  fragment  cor- 
responding to  the  defect  lying  3  cm.  deep,  and  the  missile,  a  5  grm. 
copper  driving-band  of  a  4.2  shell  lying  3  em.  deeper.  Magnet  ex- 
traction failed  and  the  missile  was  removed  by  a  duckbill  forceps. 
The  track  was  cleansed  by  suction,  irrigation  with  dichloramine-T 
and  the  wound  closed  without  drainage.  Perfect  healing  of  the  wound 
kept  pace  with  clearing  of  the  upper  cpiadrants  of  the  hemianopic 
fields.  On  the  sixth  day  3  focal  epileptiform  seizures  occurred  on  the 
left  side,  beginning  in  the  hand,  but  improvement  progressed  to  evacu- 
ation on  the  eleventh  day  and  ten  weeks  later  to  the  written  statement 
that  the  man  was  free  from  all  symptoms  and  was  quite  well. 

The  cercheUar  penetrations,  though  rare,  were  as  favorable  as  the 
temporal  penetrations,  the  sole  fatality  in  six  cases  arising  from  gas- 
bacillus  infection. 

In  a  typical  case,  a  shell  fragment  passed  under  the  helmet,  pene- 
trating the  right  suboccipital  region  and  lodged  4  cm.  deep  below  the 
mastoid  process.  Characteristic  right  cerebellar  symptoms  resulted 
in  the  form  of  vertical  and  lateral  nystagmus,  coarser  to  right ;  inco- 
ordination of  part  of  right  side  and  both  arms  and  legs;  exaggera- 
tion of  the  deep  reflexes  Avithout  clonus ;  dorsal  toe-response  on  left ; 
deafness  in  right  ear.    A  1.8  grm.  fragment  of  shell  was  removed  by 
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magnet.  Evacuated  to  England  17  days  later  witli  cranial  wounds 
healed  by  first  intention  but  with  some  nystagmus  persisting.  Ataxia 
and  headache  and  also  right  deafness  continued. 

Holmes  {Brain,  Vol.  40,  p.  500)  in  a  discussion  of  the  alterations 
of  ocular  movements  and  nystagmus  occurring  in  acute  cerebellar  in- 
juries says:  "For  some  days  after  a  unilateral  gunshot  wound  of 
the  cerebellum  the  eyes  w^liile  at  rest  are  generally  deviated  towards 
the  opposite  side,  especially  if  the  patieiit  happens  to  be  unconscious, 
and  at  first  it  is  often  difficult  to  make  him  move  them  conjugately 
towards  the  injured  side.  When  he  attempts  this,  the  range  of  move- 
ment is  occasionally  incomplete,  but  usually  a  more  striking  feature 
is  its  slowness  and  the  effort  necessary  to  execute  it.  In  one  patient 
at  least  in  whom  it  was  carefully  investigated  this  conjugate  paresis 
Avas  associated  with  erroneous  projection  towards  the  homolateral  side. 
The  paresis  diminishes  gradually  but  the  difficult.y  in  movement  to 
this  side,  in  comparison  with  deviation  in  the  opposite  direction,  fre- 
quently persists  for  weeks.  The  vertical  movements  of  the  eyes  and 
convergence  are  never  similarly  affected. 

"In  five  cases  the  position  known  as  \skew-deviation'  was  observed; 
that  is,  the  homolateral  eye  Avas  directed  downwards  and  inw^ards 
while  the  other  looked  upAvards  and  outAvards.  Nystagmus  is  less 
constant  and  less  regular  on  A'ertical  moA'ements.  Finally,  on  con- 
A'ergence  both  eyes  often  tend  to*  deviate  aAvay  from  the  side  of  the 
lesion  and  are  brought  back  to  their  proper  position  by  irregular 
jerks  of  small  range.  The  nystagmus  also  tends  to  become  less  regu- 
lar and  less  rapid  as  fixation  tires,  but  it  can  be  evoked  again  by  re- 
ncAval  of  fixation,  especially  if  the  object  is  moA'ed  slightly  farther 
from  the  middle  line.  This  is  the  characteristic  form  of  nystagmus 
produced  by  recent  cerebellar  injuries,  but  divergences  from  it  are 
common. 

"Nystagmus  of  cerebellar  origin  is  therefore  characterized  by  the 
facts  that  it  occurs  chiefly  on  fixation,  that  the  sIoav  phase  is  ahvays 
toAvards  the  primary  central  position  or  the  'rest  point,'  and  that  it 
is  more  constant,  more  regular,  better  sustained,  and  the  oscillations 
of  the  eyeballs  are  slower  in  rate  but  larger  in  amplitude,  AA'hen  the 
patient  looks  toAvards  his  injured  side." 

But  tAA'o  of  Gushing 's  seven  cases  of  occipital  penetration  recov- 
ered, the  deaths  being  associated  Avith  sepsis.  In  one  of  the  cases 
AA'hich  recovered,  a  shrapnel  ball  (Aveight  about  11.7  grms.)  pene- 
trated the  mid-occipital  region  3  cm.  above  the  protuberance,  leading 
to  extrusion  of  brain  substance.     The  radiogram  shoAved  a  fracture 
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with  iiidriveii  bone  and  a  shrapnel  ball  near  Ihe  mid-line,  abont  at  the 
top  of  the  tentorinm. 

A  right  homonymons  hemian()j)ia  and  some  obscuration  over  the 
left  tields  was  found.  The  right  arm,  leg  and  faee  were  Aveak  and 
hypcsthetic.  The  deep  retlexes  were  over-active;  no  clonus;  normal 
plantar  responses.  The  dura,  at  operation,  Avas  found  penetrated  just 
to  the  left  of  tlu^  sinus  which  ^\•ds  uninjui-ed.  The  track,  8  cm.  deep 
in  the  occipital  lobe,  Avas  sucked  clean  and  many  indriven  bone  frag- 
ments removed.  The  ball  Avas  palpated  by  the  catheter  but  extraction 
Avas  tried  unsuccessfully.  A  perfect  recovery  had  taken  place  Iavo 
months  later  aside  from  a  riglit  hemianopia,  complete  for  the  left  eye 
but  involving  the  upi)er  quadrant  only  in  Ihe  right  eye.  This  ga\'e 
him  little  trouble.  In  a  similar  ease  seen  in  consultation  by  Gushing 
six  months  after  having  received  the  Avound  Avhich  had  left  a  hemi- 
anopia, there  seemed  no  reason  for  intervention.  Six  months  after 
this  consultation,  hoAvever,  an  epilei)tiform  attack  led  to  the  diseoA'- 
ery  and  evacuation  of  an  abscess  cavity  which  had  formed  about  the 
ball. 

In  one  of  the  parietal  penetrations  a  massive  fracture  of  the  skull 
folloAved  a  Avound  of  the  posterior  parietal  region,  Avith  such  Avide- 
spread,  radiating  fissures  that  crepitus  could  be  obtained  almost  anj'- 
Avhere  over  the  left  side  of  the  head.  The  fundi  shoAved  A^itreous 
hemorrhages  AA-hich  obscured  the  disc  on  the  left ;  right  papilledema ; 
apparently  complete  loss  of  central  vision.  The  missiles  could  not  be 
reached  and  the  Avound  became  infected.  Fungus  cerebri  resulted 
with  symptoms  of  abscess,  presunudily  about  the  retained  missiles. 
These  Avere  seen  lying  in  the  temporal  lobe  from  Avhicli  they  Avere  re- 
moved later,  by  magnet,  after  forming  an  abscess  Avliich  Avas  evacu- 
ated. Cultures  from  the  Avounds  at  this  time  shoAved  diplococci,  coli- 
form  bacilli  and  b.  Welchii  in  abundance.  The  couA'alescence  AA-as 
storm.y,  the  symptoms  being  referable  to  the  incompletely  treated 
track,  but  healing  occurred  after  the  free  use  in  the  Avonnd  of  dichlora- 
mine-T,  and  seventy  days  after  injury  the  patient  AA'as  eA'acuated 
Avith  healed  Avounds  but  Avith  persistent  left  hemianopia.  About  three 
months  later  the  fields  had  Avidened,  the  vision  to  the  left  Avas  still  de- 
fective, but  barring  this  A'isual  fault  there  Avere  no  other  residual 
symptoms. 

The  deaths  in  the  four  fatal  cases  of  occipital  penetrations  reported 
by  Gushing  Avere  from  gas  abscess  in  the  occipital  lobe ;  spreading 
encephalitis,  A\'ith  complete  disintegration  of  the  right  occipital  lobe ; 
streptococcic  meningitis,  sinus  thrombosis  and  ventriculitis  and  in  the 
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last,  apparently  on  the  road  to  recovery  from  acute  tetanus  of  the 
bulbar  type. 

6.  This  class  of  cases  includes  cerebral  lesions  of  the  types  met 
Avith  in  groups  4  and  5  but  their  gravity  is  profoundly  altered  by 
the  involvement  of  the  ventricles  through  their  penetration  or  tra- 
versal by  fragments  of  indriven  bone  or  by  projectiles.  The  ven- 
tricular tlnid  escapes  and  hemorrhage  into  the  ventricle  is  common. 
In  Gushing 's  series  48  per  cent,  of  these  cases  in  which  the  ventricles 
were  penetrated  b}'  bone  died  from  the  associated  lesions  or  infection 
while  the  death  of  all  of  the  cases  in  which  the  injuring  factor  was 
a  projectile  was  due  largely  to  the  infection  which  w^as  carried  into  the 
ventricle  by  the  missile. 

The  most  serious  complication  of  hrain  injuries  is  the  opening  or 
traversing  of  the  ventricle  hy  the  missile  or  iy  fragments  of  hone. 
All  surgeons  have  emphasized  the  fact  that  the  prognosis  in  head 
injuries,  in  so  far  as  infection  is  concerned,  rests  chiefly  on  whether  or 
not  the  dura  is  intact.  Minor  punctures  of  the  dura,  however,  are 
not  accompanied  necessarily  by  a  bad  prognosis  for,  contrary  to 
the  view  generally  held,  a  fatal  meningitis  which  spreads  from  the 
area  of  penetration  is  comparatively  rare.  Still  more  serious  are 
the  lesions  in  which  fragments,  often  soiled,  are  driven  into  the  sub- 
stance of  the  brain  and,  if  not  completely  removed,  leave  an  infected 
track  with  swelling  and  extrusion  of  the  edematous  brain  through 
the  dural  opening  and  external  wound,  the  all-too-familiar  fungus 
cerebri.  In  the  course  of  time  either  the  suppurative  process  finds 
its  way  into  the  ventricle  or  the  advancing  fungus  distorts  the  hemi- 
sphere and  draws  out  the  ventricle  which  ruptures  into  the  infected 
track.  Both  results  are  equally  grave,  but  of  far  worse  prognosis 
appear  to  be  the  penetrating  wounds  which,  regardless  of  their  point 
of  entry,  have  opened  the  ventricle  primarily  with  practical  certainty 
of  infection  of  the  cerebro-spinal  fluid  at  its  very  source.  This  condi- 
tion is  usually  noted  at  the  resulting  autopsy. 

A  case  of  extraction  of  a  fragment  of  shell  from  the  infected  ven- 
tricle by  magnet  two  days  after  injury  is  worthy  of  note :  The  missile 
had  penetrated  the  helmet  to  enter  the  cranium  2  cm.  to  the  right  of 
the  mid-parietal  vertex.  The  radiogram  show-ed  a  projectile  in  the 
mid-brain  and  bone  fragments  along  the  track.  A  left  spastic  hemi- 
plegia involved  the  arm,  leg  and  face  and  with  associated  sensor}^ 
loss  over  the  arm  and  leg.  Clonus  at  knee  and  ankle ;  dorso-plantar 
response;  left  homonymous  hemianopia.  Optic  discs  hyperemic,  with 
blurred  outlines  and  edematous  cups.  The  wound  of  entrance  was 
excised,  much  disorganized  brain  and  clot  escaped.     A  soft  catheter 
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entered  the  ventricle  at  the  depth  of  6  em.  and  about  20  cc.  of  bloody 
seropurulent  fluid  came  away.  A  culture  of  this  yielded  abundant  b. 
AVelchii  and  staphylococci.  Eusol  irrigation  into  the  ventricle  brought 
forth  several  fragments  of  bone  from  the  track,  after  which  a  3.8 
grm.  fragment  of  projectile  was  extracted  by  the  magnet,  a  nail  being 
passed  into  the  ventricle  as  a  magnetic  vehicle.  Repeated  cultures 
from  the  escaping  fluid  showed  a  persistent  infection  with  cocci  and 
b.  Welchii  in  abundance  and  accordingly  gentle  irrigation  into  the 
ventricle  was  done  through  the  soft  catheter  daily.  Twenty-six  days 
later  the  track  into  the  ventricle  had  healed  and  a  puncture  into  it, 
in  search  for  a  possible  abscess,  disclosed  clear,  sterile  fluid.  The 
patient  died  from  inanition,  as  may  happen  to  bed-ridden  hemi- 
plegics.  This  case  is  advanced  by  Gushing  as  support  for  his  con- 
tention that  in  head  cases  the  long  period  passed  in  the  resuscitation 
ward  with  the  administration  of  heat  and  stimulants  is  too  serious  a 
loss  of  time  when  considered  from  the  standpoint  of  the  possible  es- 
tablishment meanwhile  of  a  serious  infection.  A  cranial  operation 
under  combined  morphia  and  local  anesthesia  may  be  carried  on  at 
the  same  time  that  the  shock  is  being  combated. 

In  another  case  of  ventricular  penetration  the  patient  was  pro- 
foundly unconscious  on  admission,  with  a  pulse  of  60  and  complete 
right  hemiplegia.  The  right  pupil  was  dilated  and  the  right  disc 
showed  2  D.  of  swelling.  Operation  showed  a  film  of  clot  over  a 
very  tense  hemisphere.  At  autopsj^  the  track  of  the  missile  was  shown 
to  have  passed  from  the  frontal  pole  of  the  hemispliere  into  the  left 
ventricle,  which  was  distended  by  blood  and  contained  a  2.2  grm.  pro- 
jectile about  opposite  the  posterior  end  of  the  thalamus.  The  entire 
left  hemisphere  was  contused  and  edematous. 

Another  case,  admitted  24  hours  after  injury,  was  dull  and  dis- 
oriented. A  small  penetrating  wound  of  the  left  occiput  was  found, 
through  which  brain  extruded.  A  radiogram  showed  the  missile  in 
the  parieto-frontal  region  in  the  mid-line.  Papilledema  and  a  right 
homonymous  hemianopia  existed. 

At  operation  the  missile  was  found  to  be  too  deep  for  extrac- 
tion and  streptococci  were  discovered  in  the  lumbar  fluid. 

At  autopsy  the  0.5  grm.  fragment  of  shell  was  found  to  have  passed 
from  the  tip  of  the  occipital  lobe  tlirough  the  left  ventricle  and  falx 
to  lodge  in  the  right  frontal  lobe.  The  ventricle  was  found  infected 
and  a  basilar  meningitis  coexisted. 

7.  Wounds  of  the  cranio-cerebral  type,  which  involve  the  orbito- 
nasal or  auro-petrosal  regions,  are  commonly  associated  with  expo- 
sure and   protrusion   of   tlu'   l)i'aiii,   willi   radiating   fractures  of   the 
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skull,  with  breaches  into  the  nasal  or  petrosal  cavities,  and  the  men- 
ingitis "which  is  the  common  result  of  these  complications  is  fatal  in 
oA'er  70  per  cent,  of  such  cases. 

Penetrating  wounds  of  the  fronto-orbital  type  are  illustrated  by 
one  in  which  a  large  fragment  of  shell  perforated  the  soldier's  helmet 
as  lie  was  mounting  the  parapet,  causing  a  circular  wound  of  the  left 
frontal  eminence,  the  fragment  coming  to  rest  in  the  orbit  and  its 
roof.  The  blind  left  eye  was  proptosed,  ecchymotic  and  immobile  and 
its  pupil  was  dilated. 

A  radiating  fracture  of  the  frontal  bone  was  found  by  trepana- 
tion en  bloc  done  with  local  anesthesia.  A  large  opening  in  the  dura 
was  occluded  by  stinking  fungus.  The  missile  w'as  removed  by  the 
magnet,  the  track  cleaned  by  suction  and  irrigation,  and  the  entire 
pulped  tip  of  the  frontal  lobe  and  several  bone  fragments  being  re- 
moved. An  opening  was  found  about  the  size  of  a  ten  cent  piece 
through  the  roof  of  the  orbit  with  crushing  and  infection  of  the 
orbital  fat.  Gas  bacilli  and  staphylococci  were  found  in  the  culture 
and  dichloramine-T  was  used  in  frequent  irrigation.  Every  second 
day  for  ten  days  lumbar  puncture  was  used  to  collapse  the  cerebral 
hernia  sufficiently  to  expose  the  opening  into  the  orbit  and  permit 
drainage.  A  month  and  a  half  later  the  patient  was  evacuated,  after 
a  gradual  subsidence  of  the  hernia  and  healing  of  the  wound  beneath 
a  graft.  It  is  likely  that  in  this  case  immediate  enucleation,  followed 
by  direct  drainage  through  the  orbit  would  have  given  a  more  rapid 
and  less  broken  convalescence.  Another  case  of  orbito-fronto-cere- 
bral  penetration  is  made  interesting  by  reason  of  the  development  of 
delayed  tetanus  a  month  after  injury,  despite  having  received  a  pre- 
ventive injection  of  1000  units  when  injured.  A  53.2  grm.  missile 
had  passed  beneath  the  helmet,  had  lacerated  the  left  upper  lid  and 
frontal  region,  had  passed  through  the  supraorbital  ridge  and  had 
become  so  securely  wedged  in  the  orbit  as  to  require  general  anes- 
thesia for  its  removal.  The  roof  of  the  orbit  had  been  torn  away, 
Avidely  exposing  the  base  of  the  frontal  lobe  from  the  site  of  the 
supraorbital  notch  through  the  frontal  sinuses  and  inwards  to  the 
anterior  ethmoidal  region.  The  collapsed  globe  was  enucleated.  An 
oculo-motor  paralysis  of  the  uninjured  eye  appeared  on  the  tenth  day 
but  the  protruding  bi-ain  healed  over  and  convalescence  seemed  well 
established  when,  34  days  latei-,  tetanus  developed,  but  was  speedily 
overcome  by  specitic  treatment.  At  the  time  of  discharge,  3  months 
later,  normal  movements  had  been  regained  in  the  right  eye. 

8.  Perforating  or  "through-and-through"  cranio-cerebral  wounds 
are  so  connnonlv  associated  Avitli  extensive  damage  to  the  skull  aud 
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brain  as  to  lead  to  death  from  intracranial  hemorrhage  and  compres- 
sion in  about  80  per  cent,  of  such  cases.  Certain  of  these  cases,  how- 
ever, escape  without  the  least  disability  and  the  experience  is  not 
unique,  of  a  clean  perforation  of  the  fronto-temporal  region  without 
even  momentary  loss  of  consciousness  or  other  disorder  save  a  transi- 
tory headache. 

9.  Bursting  fractures  with  widespread  cerebral  contusion  com- 
monly provoke  compression  phenomena  and  give  a  mortality  of  about 
50  per  cent.  They  are  best  relieved  by  a  properly  conducted  cerebral 
decompression. 

Logre  and  Boutier  {Paris  Medical,  May  24,  1919)  recognize  that 
the  varied  Avar  traumatisms  atfecting  the  brains  of  strong  young  men 
set  up  a  special  reaction  evidencing  the  autonomy  of  traumatic  mental 
pathology  and  the  marked  difference  between  this  and  all  other  modes 
of  diffuse  psychopathic  reaction  such  as  emotions,  mania,  melancholia, 
toxic-infectious  confusional  states,  etc.  The  dissociations  induced 
have  a  decided  diagnostic  value  and  form  a  guide  to  treatment,  espe- 
cially in  the  line  of  surgical  neuropsychiatry.  This  special  pathology 
determines  the  remote  prognosis  by  the  modifications  more  or  less  pro- 
found and  durable  in  the  entire  personality  which  may  be  entailed  by 
the  diffuse  cerebral  microtraumatism.  The  mind  gives  evidence  of 
mental  paresis  corresponding  to  what  in  the  muscles  is  lax  or  spastic 
paral.ysis,  with  or  Avithout  ataxia.  There  are  no  hallucinations,  no 
tendency  to  ataxia ;  the  trouble  is  in  the  intelligence  and  the  affections. 
The  anatomic  processes  responsible  for  this  mental  paresis  are  gen- 
erally paralleled  by  changes  in  the  cerebrospinal  fluid,  an  albuminosis 
Avith  dissociation  or  inversion  of  the  albumin  and  cell  count.  This 
may  subside  or  last  for  Aveeks  or  months.  Toxic-infectious  injury  of 
the  brain,  that  is.  a  chemical  lesion  of  the  brain,  manifests  itself  in  a 
set  of  symptoms  of  the  confusional  type.  Diffuse  traumatic  injury  of 
the  brain,  that  is,  a  mechanical  lesion  of  the  brain,  manifests  itself  in 
the  mental  processes  as  a  kind  of  sluggi.shness  in  the  mind,  a  mental 
paresis.  An  initial  loss  of  consciousness  is  the  rule  Avith  this  diffuse 
traumatism  from  concussion  of  the  brain.  When  there  are  localized 
wounds  besides,  the  set  of  symptoms  from  the  diffuse  concussion  and 
those  from  the  localized  trauma  shou'd  be  estimated  separately.  Avhen 
they  Avill  serA-e  as  a  guide  to  treatment,  llicy  explain  in  detail. 

///.  Tin  significance  of  siiulliiu/  of  tin  discs  in  projectile  injuries 
of  the  cranium.  One  of  the  most  imi>ortant  functions  of  the  oph- 
thalnlic  surgeon  is  that  of  examination  for  eye  signs  in  cranial  in- 
juries, and  of  these  signs  pai)ill('(l('iiia  and  papillitis  iii-c  among  the 
most  significant. 
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In  this  connection  the  difference  between  choked  disc  and  papillitis 
must  be  emphasized.  The  former  is  an  expression  of  increased  in- 
tracranial pressure  and  the  latter  of  intracranial  inflammation,  al- 
though it  is  often  impossible  to  make  the  distinction  ophthalmoscop- 
ically,  especially  as  the  two  distinct  pathological  forms  not  seldom 
coexist. 

Normally  there  is  a  free  communication,  within  the  vaginal  sheath, 
between  the  optic  papilla  and  the  intradural  cavity  which  makes  intra- 
cranial h^^pertension  obvious  in  the  fundus,  especially  in  changes 
about  the  disc,  and  in  the  caliber  and  tortuosity  of  the  vessels.  Con- 
ditions favoring  this  pressure  increase  are  present  after  shot  wounds 
of  the  skull  whether  the  dura  had  been  wounded  or  not  and  all  early 
swellings  of  the  disc  after  such  wounds  are  really  choked  disc. 

A  fracture  of  the  skull  is  in  fact  a  safety  valve  for  the  relief  of  the 
increased  intracranial  pressure,  Avhicli,  with  the  frequently  associated 
hemorrhage,  are  hardly  less  important  in  terms  of  ultimate  damage 
than  infection  itself.  As  Sliarpe  (Arch.  Ophthal.,  July,  1917,  p. 
320)  clearly  states,  choked  disc  does  not  follow  these  injuries  im- 
mediately for  there  is  a  period  of  four  to  six  hours  after  the  injury 
when,  as  the  result  of  shock,  the  blood  pressure  is  less  than  the  intra- 
cranial pressure.  Many  cases  die  during  this  period  of  shock,  but 
with  its  survival,  the  signs  of  increased  pressure  become  manifest  in 
the  fundus,  and  at  this  time  operative  interference  is  likely  to  give 
the  most  favorable  result.  Intracranial  hemorrhage  and  edema  after 
these  skull  injuries  rarely  produce  a  swelling  of  the  disc  mensurable 
with  that  produced  in  the  civil  conditions  of  brain  tumor,  hydro- 
cephalus or  by  the  inflammatorj'  papillitis,  in  which  the  slower  prog- 
ress of  the  lesion  permit  the  brain  and  particularly  the  medulla  to 
adapt  themselves  to  the  increased  pressure  with  little  immediate  risk. 
The  papilledema  following  shot  wounds  seldom  exceeds  2  per  cent, 
of  projection  while  1  per  cent,  or  less  is  the  average. 

In  mau}^  cases  of  traumatic  intracranial  bleeding  and  edema,  and 
particularly  in  the  absence  of  marked  shock,  the  intracranial  pres- 
sure rises  so  rapidly  that  the  compensatory  mechanism  of  the  medulla 
has  not  time  to  come  into  play  and  adjust  its  vaso-motor  and  respira- 
tory centers.  Death  may  result  in  such  cases  before  the  development 
of  choked  disc  is  possible.  Where  the  medulla  can  adapt  itself  to 
slowly  increasing  pressure,  however,  as  in  the  case  of  extradural  hem- 
orrhage, measurable  papilledema  is  the  rule  before  death  ensues. 
In  favorable  operative  cases,  the  relief  of  extradural  and  subdural 
hemorrhage  not  seldom  leads  to  so  immediate  a  subsidence  of  the 
jiapilledema   that  within    24   hours  a   modest   residual    edema    and   a 
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blurring  of  the  details  of  the  disc  may  be  all  that  marks  the  previ- 
oiish'  grave  condition.  In  such  cases  pallor  of  the  disc  may  remain 
indefinitely  but  where  intervention  is  early  and  successful  there  are 
no  permanent  defects  of  visual  acuity,  no  deficit  phenomena  in  the 
visual  fields  and  no  vascular  changes.  If  stasis  persists,  associated 
with  such  other  symptoms  of  hypertension  as  an  increase  in  the  pres- 
sure of  the  spinal  fluid  and  the  medullary  compression  sign  of  a  lowered 
pulse  rate,  it  is  evidence  that  some  intracranial  lesion  has  been  over- 
looked, the  track  imperfectly  cleansed,  or  lodged  and  infected  missiles 
have  been  neglected. 

Ordinarily,  if  an  operation  is  postponed  until  choked  disc  has  oc- 
curred, not  only  is  the  ideal  time  for  operation  lost  but  the  chances 
for  recovery,  or  at  least  for  recovery  without  grave  sequelae,  are  against 
the  patient.  This  is  in  complete  accord  with  Gushing 's  earnest  plea 
for  operation  without  the  usual  critical  wait  in  a  resuscitation  ward 
at  the  time  when  infection  may  be  developing  out  of  simple  con- 
tamination and  when,  coincidentally,  the  prolonged  high  intracranial 
pressure  may  be  laying  the  foundation  for  the  post-traumatic  condi- 
tions of  persistent  headache,  emotional  instability  of  either  the  ex- 
cited or  depressed  types,  mental  and  physical  lassitude,  and,  in  rare 
cases,  epilepsy  in  its  various  forms.  The  remarkable  absence  of  such 
sequelffi  in  the  experience  of  all  adequately  trained  military  surgeons 
who  specialized  in  head  surgery  and  wiio  were  enabled  to  operate 
without  delay,  is  proof  of  the  correctness  of  these  fundamental  obser- 
vations. 

With  regard  to  operative  intervention  in  any  given  case,  however, 
the  ophthalmoscopic  appearance  of  the  disc  alone  should  be  decisive 
only  in  exceptional  cases. 

The  swellings  of  the  disc  which  return  or  which  appear  months 
after  the  original  injury  are  usually  papillitis,  the  product  of  inflam- 
mation, which  may  or  may  not  be  combined  with  the  edema  of  stasis. 
In  any  case  they  represent  a  grave  intracranial  lesion,  usually  of  the 
type  of  abscess  about  a  retained  foreign  body  or  an  imperfectly 
cleaned  track,  meningitis  or  cyst.  In  these  cases  the  significant  factor 
is  not  the  mere  fact  of  the  presence  of  the  papillitis  but  its  increase. 
Changes  in  the  visual  fields  or  in  the  visual  acuity  are  seldom  of  great 
aid  in  determining  the  question  of  operative  procedure  under  these 
conditions,  it  being  well  recognized  that  even  considerable  degrees 
of  swelling  with  abundant  hemorrhages  about  the  disc  may  not  re- 
duce the  visual  acuity  greatly,  even  after  relatively  long  periods, 
while  involvement  of  the  optic  radiations  and  retinal  cortex  in  the 
abscess  zone,  although  not  unknown,  is  rare. 


13834  WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

Prosthetic  surgery  of  the  craniuin  should  be  deferred  as  long  as 
any  sign  of  papilledema  or  neuro-retinitis  persists. 

It  is  also  a  clearly  established  fact  that  there  is  no  constant  rela- 
tion between  the  side  of  the  injury  and  the  eye  first  or  more  af- 
fected with  disc  changes  or  with  the  frequent  pupillary  inequality,  now 
recognized  as  a  sympathetic  phenomenon  arising  from  meningeal 
irritation. 

IV.  Visual  defects  folluwiiKj  cranio-cerehral  wounds.  A  research 
of  the  visual  fields  is  necessary  in  all  cases  of  occipital  and  parieto- 
occipital trauma,  regardless  of  their  ai)parent  triviality,  for  in  this 
region  occur  the  most  characteristic  and  striking  of  all  cranial  inju- 
ries, the  contusions  and  tangential  wounds  over  the  occipital  poles 
which  cause  central  blindness  and  all  manner  of  permanent  and  transi- 
tory^ defects  in  the  visual  fields,  and  in  tlie  parieto-occipital 
'  areas,  the  lesions  of  the  optic  radiations  and  of  the  association  tracts 
which  affect  the  visual  fields  in  the  first  instance,  and  the  visual  asso- 
ciation tracts  in  the  last,  often  in  connection  with  deficits  in  the  fields. 

Penetrating  and  perforating  injuries  of  the  region  between  the 
occipito-parietal  sutures  almost  inevitably  produce  permanent  visual 
defects,  the  typical  feature  of  these  occipital  injuries  being  that  the 
principal  defect  is  visual  rather  than  nervous. 

As  has  been  stated  in  the  previous  essay  on  this  subject  (Vol.  X, 
p.  7800)  wounds  of  the  occipital  region  are  subject  to  the  same  surgical 
procedure  as  in  other  parts  of  the  brain,  with  the  possible  exception 
that  the  removal  of  foreign  bodies  from  this  region  is  to  be  undertaken 
only  with  the  most  extreme  caution  and  only  through  the  wound  of 
entrance,  lest  additional  trauma  augment  the  existing  visual  defect. 
The  rule  of  trephining  all  cases  where  the  bony  skull  has  been  so 
much  as  grazed  by  a  projectile  applies  here  and  the  excision  of  the 
wounds  in  scalp  and  skull  en  bloc,  the  use  of  irrigation  and  suction 
whereby  the  track  may  be  cleansed,  bone  fragments  and  metal  washed 
out  or  made  accessible  to  delicate  forceps  or  to  the  magnet  through  an 
intermediary  iron  core,  the  evacuation  of  clot  and  pulped  and  de- 
vitalized brain,  and  primary  suture,  are  all  as  imperative  as  in  the 
cortical  motor  areas.  The  external  table  is  often  intact  in  occipital 
injury,  owing  to  the  unusually  firm  texture  of  the  occipital  bone,  and 
the  true  bony  lesions  often  are  displaj^ed  only  after  trepanation,  when 
the  inner  table  may  be  found  fractured  or  ev^n  fragmented  into 
small  splinters  w'hich  may  press  into  the  dura  with  or  without  rup- 
ture. Laminffi  of  clotted  blood  form  between  bone  and  dura  and  over 
tlie  occipital  coi-tcx,  whicli  is  always  more  or  less  edematous,  the  site 
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of  capillary  or  frank  arterial  bleeding  or  Avliich  is  irreparably  de- 
stroyed in  the  severe  injuries. 

Immediate  nnconseiousness,  of  momentary  or  of  considerable  dura- 
tion, usualh'  follows  the  injury,  but  when  control  returns,  blindness 
of  any  degree  may  remain.  Unless  there  has  been  a  direct  bilateral 
lesion  of  both  visual  cortical  centers,  the  early,  more  or  less  com- 
plete, blindness  which  follows  so  many  of  these  occipital  injuries, 
gradualh'  resolves  into  one  or  another  form  of  hemianopia  or  sco- 
toma, or,  as  in  a  few  reported  cases,  into  complete  restoration  of 
vision  without  discoverable  deficit  phenomena  in  the  visual  fields.  In 
these  cases  of  initial  total  or  relative  blindness  the  later  restoration  of 
vision  depends  upon  the  subsidence  of  the  constant  reactive  edema  of 
the  contused  cortex  and  subcortex,  the  absorbtion  of  cortical  capillary 
hemorrhage,  and  the  contraction  and  organization  of  meningeal  clots. 

The  usual  subjective  symptoms  which  accompany  these  occipital 
injuries  are  headache  and  vertigo,  in  some  cases  visual  irritant  phe- 
nomena such  as  scintillating  scotomata,  ophthalmic  migraine,  dis- 
orders of  visual  orientation,  loss  or  damage  of  the  optical  memory- 
pictures,  hallucinations  with  closed  eyes,  and,  in  common  with  all 
cerebral  injuries,  those  psychic  dissociations  probably  induced  by  the 
diffuse  cerebral  microtraumatism  originating  from  mechanical  shock 
to  the  nerve  elements,  or  to  the  effect  of  heightened  intracranial  pres- 
sure, too  long  unrelieved. 

Before  we  consider  the  common  objective  disturbances  a  brief  re- 
view of  the  visual  tracts  and  pathways  may  be  of  value :  The  first 
visual  neurones  coming  from  the  retina  terminate  in  the  external 
geniculate  body,  the  anterior  quadrigeminal  body  and  the  optic  thala- 
mus, from  where  association  fibers  run  to  the  nuclei  of  the  third  nerve 
(pupillary  innervation).  The  second  visual  neurones,  forming  the 
optic  radiation  of  Gratiolet  begin  here  and  a  lesion  at  this  point 
causes  homonymous  hemianopsia  with  jiossible  involvement  of  the 
nerves  supplying  the  ocular  muscles  as  well  as  the  nerves  of  audition. 
The  intracerebral  optic  fibers  pass  backward  deep  in  the  substance  of 
the  temporal  lobes  and  along  the  internal  face  of  the  occipital.  In 
the  form  of  vertical  lamintp  of  Avhite  substance,  about  2  cm.  broad, 
they  follow  the  external  wall  of  the  lateral  ventricle  into  the  occipital 
lobe,  where  they  terminate  about  the  calcarine  fissure  and  the  adja- 
cent portions  of  the  cuneus  above,  and  the  lingual  lobule  beloAv.  A 
lesion  just  posterior  to  the  thalamus  in  the  internal  capsule  may 
cause  hemiplegia  or  hemianesthesia  as  well  as  hemianopia  without 
pallor  (»r  llie  oi")tic  discs.  Pi'cssnre  upon  llie  optic  radiation  in  its 
midconrse  may  cause  •liomonymoiis  licniiaiiopi;!   witlwmt  other  symp- 


13836   WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

torn.  A  lesion  of  the  important  association  tract,  the  fasciculus  longi- 
tudinalis  superior,  running  from  the  calcarine  fissure  to  the  angular 
gyrus  will  cause  hemianopia  and  the  association  defects  of  word- 
■  blindness,  mind-blindness,  word-deafness,  alexia,  dyslexia,  paraphasia, 
stereognosis,  disturbances  of  spatial  orientation,  visual  attention  and 
appreciation  of  movement.  The  recognized  frequency  with  which  in- 
juries of  the  left  association  tracts  are  accompanied  by  reading-dis- 
order and  writing-disorder  is  explained  by  interruption  of  communi- 
cations between  the  occipital  lobe  and  the  sensory  speech  center  in 
the  left  temporal  cortex.  Destruction  of  the  angular  gyri  and  the 
neighboring  structures,  even  with  intact  optic  radiations,  will,  of 
course,  produce  complete  mind-blindness.  Destruction  of  the  pole  of 
each  occipital  lobe,  the  center  of  macular  vision,  will  cause  a  central 
scotoma  in  the  field  of  each  eye.  To  re;'apitulate :  homonymous  hemi- 
anopia may  be  produced  by  disturbances  of  the  visual  fibers  at  any 
point  between  the  chiarsm  and  the  cortex  of  the  cuneus ;  if  anterior  to 
the  thalamus,  the  discs  are  usually  pallid  (the  hemianopic  pupil-symp- 
tom of  Wernicke  has  proven  valueless  as  a  localizing  aid)  ;  when  the 
lesion  which  causes  the  hemianopia  involves  the  corpora  quadrigemina 
as  well,  paralysis  of  the  ocular  muscles  and  deafness  are  likelj^  to  be 
present;  a  lesion  in  the  optic  radiation,  if  near  the  thalamus  and 
internal  capsule,  is  accompanied  by  hemiplegia  of  the  same  side  and 
by  hemianesthesia  much  less  often ;  destruction  of  the  higher  cortical 
centers  leads  to  mind-blindness,  Avhile  damage  to  the  optic  radiation 
with  the  association  fibers  Avill  cause  hemianopia  and  dissociation  of 
the  visual  associative  functions. 

It  has  been  assumed,  though  apparently  without  sufficient  founda- 
tion, that  hemiachromatopsia  indicates  the  involvement  of  a  special 
color  center.  Hemianopia,  however,  may  range  in  degree  from  a 
slight  relative  defect  to  an  absolute  defect.  When  the  field  is  com- 
plete for  large  white  objects,  but  defective  for  one  or  more  colors,  it 
has  been  found  that  the  field  is  equally  defective  for  such  small  Avliite 
objects  as  have  a  field  equal  to  that  for  ea.-h  color  in  the  normal  eye. 
Holmes  considers  that  it  has  not  been  conclusively  shown  that  color 
perception  may  be  completely  lost  in  any  part  of  the  field,  when  that 
of  light  or  white  is  undisturbed ;  many  of  the  hemi-aehromatopsias 
have  been  instances  of  hemiamblyopia.  He  frequently  observed 
among  his  cases  that  red  and  green  test  objects  could  not  be  recog- 
nized in  certain  regions,  often  in  homonymous  halves  of  the  visual 
fields.  But  in  every  instance  visual  sensibility  to  white  test  objects 
of  the  same  size  was  reduced;  his  observations  led  him  to  the  conclu- 
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sion  that  an  isolated  loss  or  dissociation  of  color  vision  is  not  pro- 
duced by  cerebral  lesions. 

The  hemianopias  of  civil  life  differ  from  those  of  military  in- 
juries in  that  they  are  nearlj'  all  directly  or  indirectly  of  vascular 
origin,  and  the  occipital  cortex  and  subcortex  afit'eeted  include  a  wedge 
or  cone  of  tissue  all  of  which  becomes  functionless  and  involved  in 
the  final  massive  atrophy;  in  the  wounded,  however,  after  the  dis- 
turbances of  commotion,  bleeding  and  reactive  exudation  have  passed, 
the  final  lesion  usually  remains  very  circumscribed.  It  seems  wholly 
probable,  however,  that  projectile  and  other  traumatic  lesions  of  the 
same  vessels  or  vascular  systems,  the  involvement  of  which  produces 
the  hemianopias  of  disease,  must  be  instrumental  to  a  large,  if  not 
preponderant,  degree,  in  the  causation  of  many  of  the  cases  of  vertical 
hemianopsis,  the  essential  civilian  hemianopia,  which  are  not  rarely 
seen  in  these  battle  injuries,  particularly  after  the  deeper  lesions. 
Further,  the  relative  frequencj^  of  horizontal  hemianopia,  the  char- 
acteristic form  of  battle  defect,  reported  in  civil  literature  up  to  1913 
in  but  two  bilateral  and  four  unilateral  cases  (Peter,  Ophthalmology, 
Vol.  IX,  April,  1913),  unlike  the  altitudinal  hemianopias,  has  no  pecu- 
liar vascular  relation  but  represents  direct  injury  to  the  occipital 
pole,  which  escapes  in  disease  owing  to  the  overlapping  of  the  arterial 
suppl}-  of  the  posterior  and  middle  cerebral  A^essels. 

The  frequent  projectile  injuries  of  the  occipital  region  have  con- 
tributed not  only  to  our  knowledge  of  the  clinical  varieties  of  deficit 
phenomena  in  the  visual  fields  but,  in  a  greater  and  more  important 
degree  have  clarified  the  question  of  the  cortical  projection  of  the  ret- 
ina and  its  localization  in  the  optic  radiations. 

The  view  is  now  quite  general!}'  held  that  the  upper  segment  of 
the  optic  tract  and  of  the  external  geniculate  body  corresponds  to 
the  upper  quadrants  of  the  retina,  while  the  lower  segment  repre- 
sents the  lower  retinal  quadrants.  In  the  optic  radiations  the  upper 
bundle  of  fibers  corresponds  to  the  upper  retinal  quadrants,  which  are 
projected  on  to  the  upper  lip  of  the  calearine  fissure  and  the  lower 
part  of  the  cuneus,  while  the  lower  part  of  the  retina  is  projected  on 
to  the  lower  lip  of  tlie  calearine  fissure  and  the  upper  part  of  the 
lingual  lobe.  These  conclusions,  which  were  arrived  at  in  part  by 
Inouye  from  a  study  of  a  number  of  cases  in  the  Russo-Japanese  war 
and  in  part  by  IMonbrun  (OphthaJmic  Year  Booh,  p.  300,  1914)  have 
been  verified  and  amplified  by  numerous  qualified  observers  such  as 
Uhthoff  {loc.  cit.),  ]\Iarie  (loc.  cit.).  Lister  and  Holmes  {loc.  cit.), 
Beauvieux  {Arch.  d'Ophtal.,  Jan.  to  Aug.,  1917,  serial),  Morax  (Ann. 
d'Ocul,  Vol.  156,  p.  25),  Morax,  Moreau  and  Ca.stelain  (Ann.  d'Ocul., 
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A'ol.  156,  p.  1),  Brodman  {Miuich.  mcd.  Woe,  1918,  Vol.  45,  p.  887), 
Hiue  (Biit.  Jour.  Ophthal.  Vol.  2,  p.  12),  and  Holmes  (Med.  Press, 
Doe.  26,  1917).  Holmes  details  the  views  now  generally  held  concern- 
ing the  segmental  correspondence  of  different  areas  of  llie  retina  Avith 
separate  zones  of  the  cortical  visnal  area  as  follows : 

"1.  Tlie  npper  half  of  each  retina  is  represented  in  the  dorsal^ 
and  the  lower  in  the  ventral  part  of  each  visnal  area. 

"2.  The  center  for  macnlar  or  central  vision  lies  in  tlie  most  pos- 
terior jDart  of  the  visnal  areas,  probably  on  the  margins,  and  in  the 
lateral  surfaces  of  the  occipital  poles.  The  macula  has  not  a  bilateral 
representation, 

"3.  The  center  for  vision  subserved  by  the  periphery  of  the  retina 
is  situated  in  the  anterior  portions  of  the  visual  areas,  and  the  serial 
concentric  zones  of  the  retina  from  the  macula  to  the  periphery  are 
probabl.y  represented  in  this  order  from  behind  forwards  in  the  visual 
areas. 

"4.  Those  portions  of  the  retinas  adjoining  their  vertical  axes  are 
probably  represented  in  dorsal  and  ventral  margins  of  the  visual 
areas;  while  that  in  the  neighborhood  of  the  horizontal  axes  is  pro- 
jected on  to  the  walls  and  the  floor  of  the  calcarine  fissures. 

"Severe  lesions  of  the  visual  cortex  produce  complete  blindness  in 
the  corresponding  portions  of  the  visual  fields,  or,  if  complete,  an  am- 
blyopia, color  vision  being  generally  lost,  and  white  objects  appearing 
indistinct;  or  only  more  potent  stinnili,  such  as  objects  moved  sharply, 
may  excite  sensations. 

"6.  The  defects  of  vision  in  the  fields  of  the  two  eyes  are  always 
congruous  and  superimposable,  provided  that  no  disease  or  injury  of 
the  peripheral  visual  apparatus  exists." 

This  last  conclusion  is  subject  to  the  modification  noted  by  many 
observers  and  especially  by  Uhthoff  who  remarks  that  while  the  he- 
miano]iic  defects  are  strongly  symmetrical  excei^t  when  the  eyes  have 
l)ecome  fatigued  by  the  examination,  the  intensity  of  the  functional 
disturl)ance  is  both  absolutely  and  relatively  diiferent  in  the  two  eyes. 
Vinsonnean  {Clin.  OplitaL,  vii,  10)  also  notes  the  frecjuency  with  which 
the  visual  acuity  is  unequal  in  the  two  eyes  in  cases  of  traumatic 
homonymous  hemianopia  althougli  the  refraction,  fundi  and  media  are 
normal  in  each.  The  quality  is  reduced  in  the  eye  situated  on  the  same 
side  as  the  hemianopia,  e.  g.,  the  right  eye  is  the  poorer  in  right 
hemianopia.  He  explains  the  16  cases  of  the  sort  reported  as  being 
the  result  of  difference  in  the  size  of  the  straight  and  crossed  macula 
bundles  at  their  occipital  origin. 

"7.     Lesions  of  the  lateral  surfaces  of  the  hemispheres,  particularly 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN   1:3839 

of  the  posterior  parietal  regions,  may  cause  certain  disturbances  of  the 
higher  visual  sensibility,  as  loss  of  visual  orientation  and  localization 
in  space,  disturbance  of  the  perception  of  depth  and  distance,  visual 
attention  loss,  and  visual  agnosia."  The  reason  for  these  conclusions, 
as  formulated  by  ITolmes,  will  l^e  discussed  serially  in  the  considera- 
tion of  the  various  defects  of  the  visual  fields. 

The  main  objective  disturbances  produced  by  projoctih^  wounds  of 
the  occiput,  particularly  the  contused  wounds  and  the  tangential  or 
gutter  wounds,  are  1.  simple  occipital  contusion ;  2.  cortical  blindness ; 
3.  horizontal  hemianopia ;  4.  vertical  heniianopia ;  5.  ciuadrantie 
hemianopia ;  6.  hemianopic  scotomata  and  7.  irregular  field  defects. 
Morax,  Moreau  and  Castelain  (Ann.  d'Ocul.,  Yol.  156,  p.  1,  1919),  out 
of  an  experience  of  86  cases,  have  further  subdivided  the  hemianopic 
effects,  with  especial  regard  to  relative  frequency  and  to  macular 
involvement  into  the  seven  following  types  : 

I.  Homonymous  hemianopsia,  27  cases.  A.  Not  affecting  macular 
vision,  19  cases ;  B.  Affecting  macular  vision,  8  cases. 

II.  Sector  hemianopsia,  18  cases.  1.  Inferior — A.  Not  affecting 
macular  vision,  6  cases;  B.  Affecting  macular  vision,  8  cases.  2.  Su- 
perior— A.  Not  affecting  macular  vision,  1  case.  8.  Double  inferior 
— A.  Not  affecting  macular  vision,  3  cases. 

III.  Hemianopic  scotoma,  20  cases.  1.  Median  type — A.  Without 
macular  involvement,  1  case;  B.  With  macular  involvement,  4  cases, 
2.  Inferior  sector — A.  Without  macular  involvement,  3  cases  ;  B.  With 
macular  involvement,  4  cases.  3.  Dou])le  sector — A.  Without  macular 
involvement,  4  eases;  B.  With  macular  involvement,  1  case. 

IV.  Homonymous  hemianopsia  with  hemianopic  scotoma  of  the 
opposite  side,  14  cases.  A.  Without  macular  involvement,  4  cases; 
B.  With  macular  involvement,  10  cases. 

Y.  Double  hemianopic  scotoma,  4  cases.  1.  ]\Iedian,  2  eases;  2.  In- 
ferior, 2  cases. 

VI.  Homonymous  hemianopsia  willi  L-entral  scotoma,  2  cases. 

VII.  Blindness,  1  case. 

1.  Simple  occipital  confiisio)i.  A  considerable  number  of  cases  of 
occipital  contusion  are  on  record  in  which  the  initial  sj'mptoms  which 
appeared  grave  and  presaged  permanent  total  visual  loss  or,  at  best, 
marked  hemianopic  defects,  cleared  without  residual  symptoms  what- 
ever within  a  few  weeks.  Probably  many  more  cases  of  lesser  trau- 
matic disturbance  have  gone  their  way  as  ambulatory  eases,  unre- 
corded, to  an  equally  happy  result. 

Wliere  the  skull  exhiliits  a  gi-oss  injury  and  tlie  initial  visual 
disorders  liavc  fully  cleared,  it  is  impossil)l(^  to  determine  whether  cor- 
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tical  edema  or  laceratioD,  subdural  or  subarachnoid  effusion,  capillary 
oozing,  or  microtraumatisms  are  responsible  for  the  visual  fault.  Quick 
recovery  probably  depends  upon  the  existence  of  an  edematous  swell- 
ing of  the  areas  concerned,  analogous  to  that  observed  in  the  myelin 
sheaths  of  the  spinal  cord.  Gushing  {Brit.  Jour.  Surg.,  April,  1918), 
provides  a  striking  example  to  the  point,  in  the  case  of  a  man  whose 
helmet  was  perforated  by  a  shell  fragment  which  damaged  the  occiput. 
Immediate  and  complete  blindness  resulted.  At  operation  ten  hours 
after  injury,  a  tear  was  found  in  the  dura,  beneath  an  intact  peri- 
cranium and  a  stellate  depressed  fracture  over  the  lambda.  "There 
was  no  very  evident  contusion  of  the  occipital  lobes.  Light  perception 
began  to  return  in  48  hours,  after  which  the  vision  cleared  very  rapidly 
to  normal.  In  every  cerebral  injury  concussion  and  contusion  play  a 
part,  and  often  a  considerable  part,  in  both  the  immediate  and  late 
symptom-complex  which  follows,  and  yet  the  anatomic  findings  are  so 
inconstant  that  in  some  fatal  cases  the  most  minute  investigation  has 
failed  to  reveal  anatomic  lesions  of  any  sort.  In  most  cases  of  pro- 
jectile injuries  pure  commotion  is  rare,  however,  owing  to  the  tre- 
mendous speed  of  the  missile,  and  the  usual  findings  are  capillary 
hemorrhages,  minute  cortical  lacerations  and  the  consequent  disin- 
tegration of  myelin.  It  is  surprising,  however,  to  see  the  amount  of . 
tissue  change  which  may  spring  from  even  a  feeble  impact.  Wilson 
{Trans.  Oplith.  Soc.  TJ.  K.,  Vol.  xxxvii,  p.  92)  details,  as  an  example  of 
cerebral  concussion,  a  case  of  a  soldier  who  was  struck  on  the  back 
of  the  head  by  a  fragment  of  shell.  He  was  unconscious  for  three 
minutes  but  was  roused  by  the  movement  of  his  wounded  arm.  Blind- 
ness persisted  for  48  hours  but  by  the  third  day  there  was  dim  vision 
in  each  eye.  No  dysmetropia.  Two  months  later  the  vision  had  become 
fixed  at  6/60  in  each  eye ;  discs  and  pupillary  reactions  were  normal 
and  Jaeger  14  print  was  the  smallest  which  could  be  read.  The  fields 
were  concentrically  contracted  for  white  and  for  colors  and  so  marked 
a  condition  of  visual  fatigue  existed  that  excellent  examples  of 
helicoid  curves  were  obtained  in  both  eyes,  not  greatlj^  different  from 
two  cases  reported  by  ]\Iarie  and  Chatelin  {loc.  cit.)  and  one  by  Lister 
and  Holmes  in  which  the  fields  were  clinically  indistinguishable  from 
those  of  hysteria,  though  as  in  these  other  cases,  without  a  trace  of 
the  symptoms  of  a  hysterical  psychoneurosis  such  as  the  invariable 
cutaneous  anesthesia  which  accompanies  the  hysterical  neurosis.  In 
Wilson's  case  the  radiogram  showed  a  splintered  and  a  cracked  inner 
table.  Except  for  the  visual  symptoms  there  was  no  impairment  of 
the  functions  of  the  nervous  system. 
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Wilson  raises  the  question  of  the  relative  vulnerability  to  concus- 
sion of  the  special  sense  systems  of  the  cerebrum.  He  has  no  data  for 
taste  and  smell,  but  in  his  experience  visual  impairment  after  gen- 
eralized cerebral  concussion  is  much  rarer  than  labyrinthine  impair- 
ment, and  certainl,y  rarer  than  auditory  impairment.  It  is  interesting 
to  note  in  this  connexion  that  Mott  finds  in  his  experience  of  "shell 
shock"  cases  that  defects  of  vision  are  relatively  uncommon  as  com- 
pared with  deafness  and  hyperacusis.    Probably  the  anatomical  situa- 


Sj)iral  Fields  for  Red  in  Concussion  Injury  of  Occiput.      (Kinnier  Wilson.) 


Spiral  Fields  for  White  in  Concussion  Injury  of  Occiput   (From  Kinnier  Wilson 

loc.  cit.) 

tion  of  the  central  vision  apparatus  acts  as  a  protection,  while  the 
peripheral  auditory  mechanism  is  prone  to  be  concussed  for  the  same 
reason  as  the  labyrinth. 

Hine  {Brit.  Jour.  Ophthal.,  Vol.  2,  p.  12)  corroborates  the  observa- 
tions of  Holmes  and  others  that  the  hemianopic  faults  seen  in  connection 
with  concussion  and  contusion  injuries,  especially  in  the  hemianopia 
due  to  slight  parietal  injuries,  usually  but  not  constantly,  clear  from 
the  center  to  the  periphery,  while  the  scotomata  caused  b^-  loss  of 
cerebral  substance  gradually  contracts  from  periphery  to  center  as  the 
surrounding  edema  of  the  brain  subsides.     Hine  further  notes,  in  the 
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same  connection,  that  the  field  of  vision  usually  returns  in  the  upper 
quadrant  before  the  lower,  and,  in  the  writer's  experience,  never  vice 
versa,  this  being  due  to  the  fact  that  all  the  injuries  recorded  liere 
have  been  above  the  occipital  pole,  wliich  is  situated  as  a  rule  about 
one  inch  above  the  union.  ITenee,  Ihe  occipital  cortex  above  the  cal- 
earine  lissure,  which  represents  the  lower  part  of  the  field  of  vision, 
has  borne  the  brunt  of  the  blow.  Any  injury  below  the  occipital  pro- 
tuberance is  much  more  likely  to  be  fatal,  owing-  to  injury  to  the 
cerebellum  and  medulla. 

The  restoration  of  function  at  first  is  incomplete,  but  when  once  it 
has  commenced  it  seems  to  proceed  in  a  definite  order — color  perception 
coming  after  the  perception  of  white,  even  though  the  colored  object 
is  the  larger,  and,  as  recovery  takes  place  the  appreciation  of  colors 
becomes  more  and  more  acute,  so  that  small  colored  objects  can  be 
distinguished  farther  and  farther  away.  By  this  means,  in  suitable 
cases,  one  can  roughly  measure,  for  clinical  purposes,  the  recovery 
of  function  in  the  macular  region. 

Hence  it  is  necessary  when  suspecting  occipital  cortical  injury,  to 
use  small  colored  test  objects  as  well  as  white,  or  else  a  partially 
recovered  lesion  may  be  missed,  or  lesser  injuries  to  the  cerebral  cortex 
of  the  occipital  lobe  may  be  overlooked. 

On  the  other  hand,  in  the  more  slowh'  and  steadily  recovering  eases 
with  subdural  or  extradural  hemorrhage,  there  would  seem  to  be  no 
such  separation  between  color  appreciation  and  appreciation  of  a 
white  test  object.  This  could  be  explained  by  supposing  a  less  severe 
injury  to  the  macular  area,  while  only  a  careful  comparison  of  the 
color  fields  from  day  to  day  could  show  whether  they  increased  pro- 
portionately to  the  fields  for  white.  Such  examination  would,  however, 
in  most  cases  be  impossible  or  unreliable  on  account  of  the  patient's 
condition. 

Riddoch  states  that  recovery  of  vision  for  movement  begins  in  the 
periphei'y  of  the  restricted  field,  a  conclusion  not  fully  concurred  in 
by  Holmes. 

2.  Cortical  hlindncss.  Tliis  .ii^pellation  was  originally  given  to  that 
form  of  complete  loss  of  vision  which  resulted  from  the  total  destruc- 
tion of  the  visual  cortices  in  both  hemispheres,  usually  from  a  perfora- 
tion of  both  centers  by  a  bullet.  Of  late,  however,  the  tendency  seems 
to  be  to  make  the  term  apply  as  well  to  cases  where  injury  to  the 
visual  cortex  has  left  permanent  defects  in  the  zone  of  fixation,  cor- 
responding to  about  10°  around  the  macula.  With  ecjual  logic  the 
application  could  be  applied  to  any  manner  of  permanent  defect  of  the 
visual  field  resulting  fi-om  an  iiijurv  to  the  visual  cortex  of  sufficient 
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degree  to  be  actually  noticeable  and  disturbing.  Accordingly  it  would 
seem  more  accurate  either  to  limit  the  term  to  the  condition  of  total 
blindness,  as  originally  suggested,  or  to  (jualify  cortical  blindness  as 
complete  and  incomplete,  llie  latter  including  all  the  hemianopic  and 
seotomatous  defects,  and  as  transitory-  and  permanent,  according  to 
duration.  It  is  probable  that  the  looseness  of  api:)lication  of  this  term 
has  arisen  from  the  relative  frequency'  with  which  contusion-concus- 
sion blindness  of  this  type  has  left  a  residual  visual  defect  in  the  fixa- 
tion zone  alone,  the  limited  defect  coming  finally  to  assume  the  term 
which  \vas  formerly  applied  to  the  whole  defect  at  its  onset.  It  is,  how- 
ever, possible  that  the  marked  disabling  effect,  in  terms  of  vision,  pro- 
duced by  the  bilateral  loss  of  central  vision  has  further  confused  the 
meaning. 

A  deeply  penetrating  gunshot  wound  of  the  occipital  region  imme- 
diately- to  one  side  of  the  middle  line,  and  not  more  than  5  cm.  above 
the  union,  that  passes  forward  parallel  to  the  mesial  sagittal  plane, 
must  destroy-  the  whole  of  the  area  striata  of  one  hemisphere.  All 
such  cases  had  complete  hemianopia  or  total  blindness  to  the  opposite 
side  of  the  fixation  j)oint.  Tliis  blindness  extends  almost  invariably 
up  to  the  fixation  point,  or  at  least  to  within  one  degree  of  it,  which 
is  certainly  within  the  margin  of  error  of  our  clinical  methods.  The 
more  accurate  and  delicate  the  methods  employed,  the  nearer  is  the 
blindness  found  to  come  to  the  point  on  which  the  eyes  are  directed. 
Observations  of  an  ordinary  perimeter  can  not  be  exact  enough  to  de- 
cide this  question,  but  it  can  easily  be  verified  by  examination  by  a 
Bjerrum's  or  other  screen  which  is  placed  at  a  distance  of  one  or  two 
meters  from  the  patient's  eye. 

Holmes  (Brit.  Med.  Jour.,  Aug.  16,  1919,  p.  194)  illustrates  a  ease 
of  cortical  blindness  in  a  soldier  who  was  wounded  by  a  large  portion 
of  shell  that  penetrated  his  helmet  in  May,  1918.  He  was  unconscious 
for  17  hours.  In  the  casualty  clearing  station  where  an  operation  was 
performed  the  same  day,  a  depressed  fracture  of  the  skull  was  found 
in  the  occipital  region,  and  a  mass  of  bone  was  removed  from  the 
longitudinal  sinus  and  from  the  brain  on  each  side  of  it.  He  was 
blind  for  the  first  three  days,  but  his  vision  then  rapidh-  improved  to 
an  acuity  of  6/60  —  in  each  eye.  A  month  after  the  infliction  of  the 
wound  his  fields  were  examined  b}'  Mr.  J,  B,  Lawford,  who  discovered 
a  scotoma  almost  identical  in  size  and  position  with  that  which  Holmes 
found  nine  months  later. 

Ten  months  after  the  injury  the  wound  was  firmly  cicatrized ;  be- 
neath the  scar  there  was  a  more  or  less  circular  defect  in  the  middle 
line  of  the  skull  and  to  the  left,  which  involved  the  base  of  the  inion 
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and  extended  41/2  em.  upward  from  it.  Its  lateral  diameter  was  5  cm. 
The  vision  w^as  less  than  6/60  in  each  eye  (according  to  his  records  it 
was  6/6  when  he  enlisted  in  November,  1915),  and  he  could  not  even 
recognize  the  other  men  in  the  ward.  He  saw  nothing  plainly  and  had 
difficulty  in  recognizing  the  distance  of  objects  from  him. 

His  peripheral  vision  was  unaffected;  he  could  see  a  circular  white 
object  10  mm.  in  diameter  to  the  natural  limits  in  both  eyes,  but  ex- 
amination with  a  perimeter  and  by  a  screen  revealed  a  large  area  of 
absolute  blindness,  which  extended  about  3  degrees  to  the  left  of  the 
fixation  point  and  from  12  to  18  degrees  to  its  left.  Central  vision 
was  completely  abolished. 

Above  and  to  the  left  of  this  scotoma  there  was  a  small  area  in  which 
white  objects  could  be  seen,  but  they  appeared  dull  and  dim;  colors 
could  not  be  recognized  here,  nor  in  a  zone  of  about  two  degrees  to  the 
left  margin  of  the  scotoma. 

The  site  of  the  wound  makes  it  probable  that  both  occipital  lobes 
were  injured  at  the  posterior  ends  of  the  area?  striatte,  which  were  oppo- 
site the  center  of  the  trephine  opening.  Both  the  position  of  the  wound 
and  the  clinical  symptoms  indicate  that  the  injury  was  more  extensive 
on  the  left  than  on  the  right  side. 

This  case  illustrates  the  type  of  blindness  that  is  produced  by  super- 
ficial injuries  of  both  occipital  poles,  that  is,  by  wounds  that  injure 
the  posterior  parts  of  the  areas  striatas.  In  all  such  cases  peripheral 
vision  is  found  intact  and  central  vision  abolished.  They  are,  conse- 
quently, evidence  that  central  or  macular  vision  is  represented  in  the 
more  posterior  parts  of  the  visual  areas,  and  that  this  region  is  not 
concerned  with  peripheral  sight. 

The  evidence  to  be  obtained  from  unilateral  lesions  confirms  this 
opinion  and  also  supports  the  conclusion  already  arrived  at,  that  the 
upper  parts  of  the  retinae  are  connected  wdth  the  upper  parts  of  the 
visual  cortex  and  the  lower  with  the  lower. 

Cortical  blindness  in  the  limited  sense  of  total  permanent  blind- 
ness is,  happily,  very  rare,  the  occurrence  of  1  case  of  the  sort  out  of 
86  cases  of  visual  defects  following  occipital  injuries  in  the  series  re- 
ported by  Morax,  Moreau  and  Castelain  probably  representing  its 
approximate  incidence  among  the  injuries  which  survive.  As  the 
lesion  which  produces  this  defect  is  obviously  relatively  grosser  than 
that  which  causes  the  usual  hemianopias  and  other  incomplete  defects 
of  the  fields;  there  is  little  doubt  that  this  severer  form  of  phj'sical 
injury  has  an  actual  iiicidence  decidedly  higher  than  is  evident  in  the 
tables  of  results  or  in  the  hospital  records. 

In  the  extreme  form  blindness  persists  unmodified  and,  if  vision  of 
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ail}'  sort  remains  or  returns,  it  seldom  exceeds  a  vague  sense  of 
luminosity  or  at  best  an  exceedingly  contracted  field  of  distinct  vision. 
In  the  lesser  injuries  total  blindness  or  only  light  perception  and  the 
recognition  of  gross  movement  and  form  maj'  exist  from  the  time  of 
injury,  the  vision  returning  gradually  after  da^ys,  weeks  or  even 
months.  In  the  lightest  forms  tlie  clearing  of  vision  is  complete  but 
most  often  a  methodical  screen  and  perimetric  investigation  of  the 
fields  will  reveal  a  residual  defect,  often  so  slight  as  to  have  been 
quite  overlooked  both  by  physician  and  patient,  wiiose  simple  com- 
plaints are  usually  rapid  eye  tire  and  difficulty  in  reading.  Care  has 
to  be  taken  to  avoid  fatigue  in  these  examinations  as  Schiele  and  others 
have  shown  that  pi'olonged  examinations  of  the  visual  fields  which 
show  contraction  in  one  eye  seem  to  cause  a  retraction  of  like  degree 
in  the  visual  field  of  the  other  eye.  The  investigation  should  be  sus- 
pended if  the  patient  complain'^  of  fatigue.  The  typical  fatigue  spiral 
field  associated  with  liysteria  in  civil  experience  has  been  found  in 
cases  of  this  sort  by  AYilson  and  others,  but  all  the  cases  reported  are 
devoid  of  hysterical  stigmata  and  probably  are  the  expression  of  or- 
ganic injury  of  the  visual  centers.  The  discovery  of  residual  defects 
is  of  the  greatest  importance  to  the  soldier  both  as  to  his  future  in- 
capacity and  for  the  purpose  of  fixing  his  indemnity.  A  superficial 
examination  misses  the  condition  and  acts  seriously  against  the  just 
claims  of  the  handicapped  man. 

3.  Horizontal  or  traiisver.^c  hcmiauopia.  The  horizontal  defects 
of  the  visual  fiekls  which  follow  occipital  injuries  are  unicjue  in  civil 
experience,  the  literature  up  to  1913  having  reference  to  but  6  civilian 
cases  of  the  sort,  one  bilateral  inferior  hemiauopia  reported  by  Uhthoff 
caused  by  symmetrical  disease  of  the  optic  nerves ;  another  reported 
by  Peter  as  due  probably  to  gumma  of  the  inferior  part  of  the  chiasm ; 
unilateral  cases  reported  by  Russell,  as  due  to  a  basilar  bone  tumor; 
by  Sailer,  as  caused  by  rheumatic  retrobulbar  neuritis ;  by  Krause,  as 
the  result  of  ethmoidal  disease  and  by  Peter  as  the  product  of  embolism 
of  the  inferior  retinal  arteries.  Twelve  cases  were  reported  from  the 
Russo-Japanese,  the  Transvaal  and  the  Chinese  Boxer  confliets,  and  the 
large  number  reported  from  all  combatant  sources  in  the  present  war, 
a  number  which  will  probably  total  well  over  a  hundred  cases,  indicate 
that  this  particular  defect  is  peculiarly  a  military  injury. 

Holmes  (loc.  cit.)  discussing  the  manner  of  production  of  these 
defects  of  the  visual  fields  and  their  significance  in  relation  to  cortical 
localization  of  vision  states:  "Owing  to  the  decussation  of  a  portion 
of  the  fibres  of  the  optic  nerves  in  the  chiasma,  each  optic  tract  con- 
veys impressions  from  the  same  sides  of  both  eyes — that  is,  impres- 
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sioiis  excited  by  the  retinal  images  of  objects  in  the  opposite  halves 
of  the  visual  fields.  And  since  each  tract  terminates  in  the  primary 
optic  centers  of  the  same  side,  and  the  optic  radiations  that  spring  from 
liere  pass  to  the  same  side  of  the  brain,  a  total  lesion  of  any  part  of 
the  one  optic  S3'stem  above  the  chiasma  produces  hemianopia,  or  blind- 
ness in  the  opposite  halves  of  the  visual  fields. 

''It  has  only  been  within  recent  j-ears  that,  as  a  result  of  many  ana- 
tomical, physiological,  cliiiical,  and  pathological  investigations  we  have 
acquired  any  accurate  information  as  to  the  region  of  the  cortex 
where  retinal  impressions  excite  visual  sensations.  These  investiga- 
tions indicate  that  the  visual  centers  lie  within  and  along  the  lips  of 
the  posterior  parts  of  the  calcarine  fissures,  and  that  they  probably 
correspond  to  that  portion  of  the  cortex  characterized  by  the  presence 
of  Gennari's  line,  which  Elliott  Smith  has  called  the  area  striata.  In 
most  brains  this  striate  area  extends  around  the  occipital  pole  on  to  the 
lateral  surface  of  the  hemisphere. 

"Until  lately,  too,  we  possessed  very  little  evidence  of  the  manner  in 
which  the  different  segments  of  the  retina  are  represented  in  the  visual 
cortex,  but  owing  to  the  large  number  of  cerebral  injuries  that  have 
been  produced  by  gun-shot  wounds,  the  late  war  has  given  us  an  un- 
equalled opportunity  to  investigate  this  problem." 

Numerous  observations  l)y  Holmes  and  others  have  provided  fuller 
data  for  discussion,  the  evidence  being  partly  clinical  and  partly  the 
result  of  careful  post-mortem  study.  In  the  latter  form  of  investiga- 
tion ^larie  and  Chatelin  used  the  method  of  fixing  a  brain  in  formol, 
after  which  it  was  removed  from  the  skull  and  a  leaden  wire  inserted 
along  the  whole  length  of  the  bottom  of  the  calcarine  fissure,  while 
the  optic  radiations  were  marked  out  from  the  cortex  inwards  by  small 
lead  pellets.  The  brain  was  now  replaced  in  the  bony  skull  and  radio- 
grams taken  antero-posteriorly  and  laterally,  exactly  as  would  be  done 
in  the  case  of  patients  with  wounds  in  the  skull.  It  then  became 
possible  to  map  the  track  or  position  of  the  projectile  accurately  with 
relation  to  the  optic  radiations  and  the  calcarine  area  of  the  cortex 
by  placing  a  tracing  of  such  a  radiogram  over  the  patient's  head. 
Holmes  found  it  impossible  to  determine  the  portion  of  the  brain  that 
was  iiijured  merel}-  by  measurements  of  the  sites  and  the  depths  of 
Ihe  wounds,  a  method  which  is  inexact  though  th'e  position  of  the  area 
striata  can  be  determined  approximately  in  that  the  inion,  or  the 
external  occipital  protuberance  has  a  fairl^^'  constant  relation  to  its 
posterior  end.  In  mesial  sagittal  sections  of  several  heads  Holmes 
found  the  ])osterior  ends  of  the  calcarine  fissures  lying  2  cm.,  or  2/3 
in.  above  its  tip,  the  fissures  extending  forward  and  upward  at  an 
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anglt'  of  about  25'^  from  there  lo  a  depth  of  about  4  cni.  By  careful 
measurement  of  the  injury  to  the  skull  or  of  the  position  of  retained 
missiles  as  seen  in  stereoscopic  radiograms  iu  relation  to  the  inion, 
tlie  portion  of  the  visual  area  that  is  injured  may  be  determined  ap- 
proximately. Further  iiiformation  was  obtained  in  many  cases  by 
examination  during-  operations  of  the  site  and  extent  of  the  damage 
to  the  brain. 

As  Holmes  says,  wc  must,  however,  await  the  opportunity  of  cor- 
relating the  visual  defects  with  the  anatomical  lesions  that  caused  them 
in  a  large  series  of  cases  before  finally  receiving  such  conclusions  as 
can  be  placed  into  the  body  of  accepted  fact,  though  if  these  conclu- 
sions establish  an  hypothesis  that  can  explain  all  our  observations,  or 
is  at  least  not  in  variance  with  them,  there  will  be  strong  presumptive 
evidence  that  it  represents  the  trutli. 

In  hemianopia  due  to  vascular  lesions  of  the  visual  cortex  the  blind- 
ness rarely  extends  up  to  the  fixation  point,  owing  to  the  preservation 
of  the  macula  region  by  vascular  overlapping  and  in  this  respect  it 
differs  from  that  produced  by  a  traumatic  injury  of  one  occipital  pole 
in  which  the  lesion  is  direct.  The  area  of  blindness  is  liable  to  be  more 
irregular,  and  does  not  involve  central  vision  so  constantlj',  w^ien  it' 
is  due  to  injury  of  the  optic  radiations. 

Inferior  Jifniiaiiopsid,  or  blindness  below  the  fixation  point,  is  found 
in  soldiers  with  wounds  above  the  occipital  protuberance  more  or  less 
in  the  median  line,  involving  the  occipital  lobes  above  the  level  of 
1lie  calcarine  fissui'es  in  the  upper  portions  of  the  striate  areas.  A 
lesion  of  one  lobe  in  this  situation  produces  an  inferior  quadrantic 
hemianopia,  the  bilateral  lesion  producing  pure  inferior  horizontal 
hemianopia.  Lesions  of  the  right  hemisphere  cause  left  homonymous 
hemianopsia  :  while  lesions  of  the  left  hemisphere  cause  right  homony- 
mous hemianopsia.  To  produce  bilateral  homonymous  hemianopsia,  a 
lesion  of  both  hemispheres  is  necessary. 

One  of  Holmes'  cases  was  nnder  observation  for  ten  months  after 
ii]jury  which  was  caused  by  a  machine-gun  bullet.  The  man  was  un- 
conscious for  a  short  time.  Dui-ing  the  first  few  days  he  could  dis- 
tinguish only  light  from  darkness,  but  his  vision  then  improved  rapidly. 
Us  condition  became  stationary  after  an  operation  was  performed 
three  weeks  later  in  a  Cerman  hospital,  for  he  had  been  made  a 
prisoner  of  war.  He  states  that  when  he  tried  to  read  during  the  next 
three  months  he  always  seemed  to  see  the  figure  of  a  white  hen  to  the 
left  of  the  point  to  which  his  eyes  were  directed. 

When  seen  after  release  eight  months  later,  the  wound  was  repre- 
senled  by  a  healed  and  depressed  scar,  under  wliieh  a  trephine  opening 
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about  2  cm.  in  diameter  could  be  felt.  This  involved  the  middle  line 
of  the  skull ;  its  center  was  5  cm.  above  the  inion.  Radiographic  plates 
did  not  reveal  any  foreign  bodies  within  the  skull.  His  central  vision 
was  6/6  in  each  eye.  There  was  a  large  area  of  blindness  in  both  lower 
quadrants,  which  was  more  extensive  on  the  left  than  on  the  right 
side,  and  in  the  seeing  portions  of  the  left  lower  quadrants  vision  was 
misty  and  indistinct.  The  injury  to  the  brain  was  clearly  above  the 
level  of  the  calcarine  fissures  and  it  was  consequently  the  dorsal  por- 
tions of  the  areffi  striata^  that  must  have  been  most  severely  injured. 

Holmes  {Brit.  Jour.  Ophthal.,  July,  1918,  p.  363)  details  another 
case  of  the  sort  in  which  post-mortem  examination  was  possible : 

The  patient  was  unconscious  for  some  hours  after  having  been  struck 
over  the  occiput  by  a  fragment  of  shell-casing.  Later  the  vision  was 
found  greatly  reduced  but  persons  were  recognized. 

There  was  a  small  penetrating  wound  of  entrance  7  cm.  above  the 
inion  and  5  cm.  to  the  right  of  the  sagittal  suture,  while  the  exit,  which 
had  been  operated  upon,  was  mucli  larger,  with  its  center  10  cm. 
vertically  above  the  tip  of  the  left  mastoid.  When  admitted  to  the 
base  hospital  there  was  marked  loss  of  visual  orientation  in  space; 
he  was  unable  to  recognize  accurately  the  relative  and  absolute  posi- 
tion and  distances  of  objects  by  sight  alone.  This  persisted  until  death 
and  made  an  accurate  exploration  of  his  visual  fields  difficult.  A  full 
record,  however,  was  obtained  4  weeks  after  the  injury  and  subsequent 
perimetric  observations  showed  no  change.  Central  vision  was  6/12 
in  each  eye  and  Jaeger  1.  Both  lower  quadrants  were  com.pletely 
blind,  the  blind  area  terminating  sharply  at  or  just  below  the  hori- 
zontal line  through  the  fixation  point.  The  blindness  came  to  within 
1  degree  of  the  latter.  In  the  right  upper  quadrants  peripheral  vision 
was  restricted  to  about  50  degrees,  and  white  and  colored  objects  were 
seen  less  distinctly  in  the  remaining  portions  of  this  quadrant,  than 
to  the  left  of  the  vertical  line.  The  color  fields  were,  however,  normal 
in  both  upper  quadrants. 

This  patient  died  from  other  causes  seven  weeks  after  the  injury. 
On  examination  of  the  brain  the  entrance  wound  was  found  in  the 
middle  of  the  lateral  surface  of  the  right  occipital  lobe  some  distance 
behind  the  level  of  the  parieto-oceipital  notch.  From  here  the  missile 
passed  through  the  dorsal  parts  of  the  optic  radiation  and  emerged 
on  the  mesial  surface  of  the  hemisphere  in  the  angle  between  the  cal- 
carine and  the  parieto-oceipital  fissures.  The  track  of  the  missile  was 
small  and  it  had  produced  relatively  little  softening  around  it.  The 
missile  then  entered  the  mesial  surface  of  the  left  hemisphere  in  the 
parieto-oceipital  fissure,  the  destruction  it  produced  reaching  to  0.5 
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cm.  of  the  calcarine  fissure,  passed  through  the  dorsal  portion  of  the 
optic  radiation,  and  made  its  exit  through  the  anterior  portion  of  the 
gyrus  angularis.  On  this  side  there  was  a  considerable  area  of  de- 
struction, especially  beneath  the  wound  of  operation. 

In  this  case  the  blindness  in  the  inferior  quadrants  was  probably 
due  to  destruction  of  the  dorsal  portions  of  the  optic  radiation,  and 
the  defect  in  the  upper  right  quadrants  to  additional  damage  of  the 
left  optic  radiations  by  the  softening  under  the  angular  gyrus;  but  the 
fact  that  there  was  no  restriction  or  amblyopia  of  the  left  upper  quad- 
rants, despite  the  presence  of  a  lesion  in  the  dorsal  and  anterior  part 
of  the  right  visual  area  permits  the  assumption  that  no  part  of  this 
c^uadrant  is  represented  in  the  dorsal  portion  of  the  calcarine  cortex. 
Superior  hemianopia  is  much  more  rarel.y  seen  than  inferior  hemian- 
opia,  in  that  wounds  involving  thr^  lower  portions  of  both  striate  areas 
must,  in  most  instances,  cause  such  injury  of  the  torcula  as  to  be  prob- 
ably fatal  at  once  or  within  a  short  time.  Uhthoff  saw  but  one  case  of 
superior  hemianopia  out  of  30  cases  of  hemianopic  visual  defects  oc- 
curring in  40  occipital  shot  wounds,  while  but  one  quadrantic  case 
appears  among  the  86  hemianopic  defects  noted  by  Morax,  Moreau  and 
Castelain. 

The  following  case  of  Holmes'  is  an  example  of  a  superior  quad- 
rantic hemianopia:  A  fragment  of  shell  penetrated  a  soldier's  helmet 
and  produced  a  small  defect  in  the  skull  just  to  the  right  of  the  mid- 
line and  just  above  the  lateral  sinus.  He  was  unconscious  for  but  a 
few  minutes  and  noted  that  his  sight  was  affected  when  he  recovered. 
The  sight  improved  rapidly  after  an  operation  performed  on  the  day 
of  injury  but  difficulty  in  reading  was  still  experienced  when  he  was 
seen  three  weeks  later.  At  operation  an  oblong  piece  of  shell-casing 
which  measured  3x1x1  cm.,  and  several  fragments  of  bone  were  re- 
moved from  the  brain,  which  was  softened  and  disintegrated  for  a  con- 
siderable distance  beneath  the  fracture. 

When  he  was  seen  three  weeks  after  he  had  received  the  wound  there 
was  complete  left  superior  quadrantic  hemianopia,  which  reached  ex- 
actly up  to  the  fixation  point,  and  in  addition,  a  peripheral  contrac- 
tion of  the  left  lower  quadrants.  The  latter  gradually  disappeared, 
so  that  five  weeks  later  vision  was  lost  in  the  upper  quadrants  only. 
The  blindness  still  extended  up  to  the  fixation  point,  but  it  did  not 
everywhere  reach  the  horizontal  meridians;  there  was  a  narrow  zone 
along  these  in  which  a  small  white  object  was  indistinct  and  frequently 
not  perceived.  In  the  lower  left  quadrants  white  appeared  grayish 
and  the  color  of  red  and  green  test  objects  10  mm.  in  diameter  could 
not  be  recognized.    Central  vision  was  6/6  in  each  eye. 
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Here  we  have  a  ease  in  whicli  a  penetratiug  wound  close  to  the 
middle  line,  immediately  above  the  lateral  sinus  and  consequently 
below  the  level  of  the  right  ealcarine  fissure  produced  an  absolute 
superior  quadrantic  hemanopia.  It  is  therefore  evident  that  the  lower 
halves  of  the  retina^  are  projected  on  to  the  lower  parts  of  the  area 
striata.  The  loss  of  color  vision  in  the  inferior  quadrants  was  asso- 
ciated, as  is  the  rule,  with  the  slight  degree  of  amblyopia  there,  which 
was  indicated  by  the  apparent  indistinctness  and  greyness  of  a  white 
test  object  in  this  portion  of  the  field. 

Destructive  injuries  of  the  optic  radiations  generally  produce  a 
complete  hemianopia,  in  whicli  the  blindness  may  or  may  not  reach 
the  fixation  point,  or  large  irregular  areas  of  blindness.  Occasionally, 
however,  the  form  of  the  visual  defect  is  more  regular,  and  such  cases 
bear  on  the  important  question  as  to  whether  the  fibres  of  the  radia- 
tions that  carry  impressions  from  the  retina  and  end  in  definite  por- 
tions of  the  visual  cortex  are  arranged  in  order  according  to  the  origin 
of  the  impressions  they  carry  and  to  their  exact  termination. 

In  a  considerable  number  of  cases  quadrantic  hemianopias  or  other 
regular  defects  in  the  fields  resulted  from  lesions  of  the  radiations. 
The  following  two  cases,  in  which  direct  injury  of  the  ealcarine  cortex 
can  be  excluded,  ma}'  be  cited : 

A  man  was  wounded  by  a  shrapnel  ball.  He  became  at  once  uncon- 
scious. On  regaining  consciousness  he  had  much  headache  and  was 
dull  and  stupid  for  some  time.  He  found  his  vision  was  affected,  and 
had  difficulty  in  reading;  this  was,  however,  not  due  to  his  being  un- 
able to  see  the  letters,  but  to  the  fact  that  he  had  to  spell  them  out  one 
by  one.    No  other  disturbance  of  speech  was  observed. 

The  wound  was  circular,  about  1  cm.  in  diameter,  just  at  the  attach- 
ment of  the  upper  margin  of  the  left  helix.  An  X-ray  examination 
showed  a  whole  shrapnel  ball  in  the  left  temporo-occipital  lobe,  prob- 
ably lying  on  the  upper  surface  of  the  tentorium,  a  short  distance 
within  the  skull ;  in  a  lateral  X-ray  view  it  appeared  to  be  midway 
between  the  inion  and  the  upper  margin  of  the  petrous  bone. 

He  was  first  seen  three  weeks  after  the  infliction  of  the  wound.  Then 
he  had  for  a  few  days  much  headache,  and  oplithalmoscopic  examina- 
tion revealed  a  moderate  degree  of  optic  neuritis.  The  entrance  wound 
was  conse(inenlly  exploi'ed,  and  some  depressed  fi'agments  of  bone  were 
removed,  one  of  which  had  penetrated  the  lateral  sinus.  From  this 
time  his  condition  improved,  and  his  headache  became  less  severe. 

Examined  six  weeks  after  injury,  a  complete  superior  right  quad- 
rantic hemianopia  was  found,  whi(.'li  with  the  screen  scotometer  was 
seen  to  come  to  21^°  from  the  fixation  point,  using  a  7.5  mm.  test 
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object.  In  this  case  it  is  clear  that  only  tlie  lower  portion  of  the  optic 
radiations  could  have  been  injured,  and  their  injury  produced  a  pure 
superior  quadrantic  hemianopia. 

In  another  ease  the  missiles  could  have  damaged  only  the  right  optic 
radiations  and  from  their,  position  it  seems  probable  that  only  the 
lower  fibers  of  these  were  involved. 

In  these  three  cases  lesions  of  the  lower  parts  of  the  optic  radiations 
of  one  side  produced  superior  quadrantic  hemianopias  and  it  must  be 
assumed,  consequently,  that  those  fibers  of  the  radiations  which  carry 
impressions  from  the  lower  retinal  halves  pass  through  the  ventral 
sections  of  the  optic  radiations.  These  and  similar  cases  lead  to  the 
conclusion  that  the  fibers  of  the  radiations  are  arranged  regularly  in 
lamina?  or  series  according  to  the  origin  of  the  impulses  which  they 
carry.  The  defects  of  the  fields  are  so  frequently  quadrantic,  despite 
the  gross  nature  of  the  injuries,  as  to  suggest  the  possibility  that  even 
in  the  main  mass  of  the  radiations  those  fibers  indirectly  connected 
with  the  ujjper  and  the  lower  halves  of  the  retina?  are  contained  in 
distinct  bundles,  separated  from  each  other  by  an  anatomical  interval. 
The  course  of  the  fibers  concerned  with  macular  vision  is  still  uncertain 
although  some  observations  would  suggest  that  they  have  a  distinct 
path  of  their  own,  but  no  case  of  isolated  central  or  paracentral  scotoma 
has  been  seen  attributable  to  a  lesion  of  the  radiation. 

In  the  horizontal  hemianopic  defects  in  general  the  patients  usually 
have  more  visual  disturbance  than  is  met  with  in  the  vertical  defects. 
They  often  declare  that  their  view  is  obscured  by  a  film.  Probably 
the  frequent  involvement  of  the  macula  in  the  defect  is,  in  part, 
responsible. 

4.  Vertical  hcniianopia.  The  classical  lateral  or  vertical  hemiano- 
pias are  most  often  caused  by  deep  and  usually  oblique  perforation 
of  the  posterior  temporo-parietal  region,  by  which  the  optic  radia- 
tions, deep  in  the  temporal  lobe,  are  divided  or  injured.  These  cases 
are  not  usually  preceded  by  cortical  blindness.  The  hemianopic  de- 
feet  exists  definitely  from  the  moment  of  injury  and  visual  disturbance 
is  sensed.  According  to  ^larie  {Bull,  de  VAcad.  de  Med.,  Nov.,  16, 
1915)  it  is  rare  that  this  type  of  lesion  results  from  direct  lesions  of 
the  visual  center  in  occipital  wounds,  for  in  that  case,  if  the  trauma 
is  extensive,  the  lesion  is  bilateral  and  cortical  blindness  or  inferior 
hemianopia  result,  or  if  the  trauma  is  slight,  the  visual  lesion  is  only 
partial  and  the  homonymous  lateral  hemianopia  incomplete. 

Cosse  and  Delord  (Anji.  d'Ocul.,  cliv.,  2)  report  the  case  of  a  soldier 
who  was  woinidcd  in  the  occipital  region  by  a  fragment  of  shell,  but 
wlio,  (Icspito  nornuil  visual  acuity,  beliaved  likr  a  1)1  iud  m;ni  owing  to 
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tlic  blotting-  out  of  three-fourths  of  his  visual  field  by  a  right  homony- 
mous hemianopia  complicated  ])y  a  left  inferior  quadrantic  hemianopia, 
leaving  vision  in  the  upper  left  quadrant  only.  There  were  no  other 
neurological  symptoms  during  three  months  of  observation.  The  ra- 
diograpli  sliowed  a  depression  in  the  median  line  of  the  occiput  at 
the  site  of  the  tre]Kination  and  disclosed  two  spicula^  of  bone,  one  on 
each  side,  localized  according  to  the  method  of  Marie  (q.  v.)  above 
the  visual  centers  at  the  tip  of  the  occipital  lobes.  The  injury  of 
brain  tissue  must  have  extended  to  the  upper  margin  of  both  calca- 
rine  fissures  to  give  the  extensive  defect. 

A  case  seen  by  Morax  (Ann.  cVOcuh,  cliv,  5)  was  injured  in  the 
right  occipital  region.  His  ocular  symptom-complex  included  left 
homonymous  hemianopia,  neuroparalytic  keratitis,  and  paralysis  of 
the  dextrogyrators.  The  hemianopia  is  explained  by  the  presence  of 
a  large  metal  fragment  at  the  level  of  the  right  occipital  lobe  and  the 
keratitis  by  the  action  of  a  right  cerebellar  abscess,  an  extension  of 
which  affected  the  region  of  emergence  of  the  trigeminus.  Tlie  paral- 
ysis of  the  oculogyrators  is  due  either  to  the  traumatic  cerebellar 
lesion  or  to  the  development  of  the  abscess  in  such  fashion  as  to 
affect  tlie  nucleus  of  the  sixth  pair. 

It  is  of  interest  that  despite  the  presence  of  a  cerebellar  abscess,  as 
shown  at  autoj^sy,  there  was  no  nystagmus,  no  papilledema,  fever,  or 
other  symptoms  indicative  of  a  cerebellar  abscess.  Genet  {Lyon 
Chir.,  Nov.,  1916)  reports  4  cases  of  hemianopia  due  to  perforating 
wounds  and  accompanied  by  hemiplegia,  aphasia  and  extrusion  of 
brain.  One  case  of  occipital  injury  showed  a  large,  unrecognized  sub- 
dural hemorrhage  at  autopsy. 

IVIorax  also  reports  two  cases  of  tangential  occipital  injury  followed 
by  hemianopia  {Ann.  d'Ocnl.,  cliii,  3)  in  which  the  symptomatic  evo- 
lution pointed  to  a  contusion  of  the  occipital  lobe  and  subcortical 
hemorrhage  as  the  origin  of  the  visual  defect.  He  accordingly  ad- 
vised against  operation  on  the  ground  that  the  condition  could  not 
be  benefited  by  trephining.  In  view  of  the  surgical  progress  since 
these  cases  were  seen  it  is  likely  that  there  would  have  been  some 
benefit  from  the  operative  removal  of  devitalized  brain  and  of  clot  and 
possibly,  in  view  of  the  notorious  inaccuracy  of  the  X-ray  in  this  re- 
gion, of  fractured  iinier  table.  Certainly  such  measures  in  qualified 
hands  could  have  been  provocative  of  no  further  tissue  insult. 

Holmes  {loc.  cit.)  reports  a  case  which  M'as  unconscious  for  several 
days  after  injury.  At  the  operation,  performed  on  the  day  of  the 
wound,  a  depressed  fracture  was  found  in  the  left  occipital  bone  a 
short  distance  above  the  lateral  sinus,  and  several  fragments  of  de- 
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pressed  bone  were  removed  from  a  deep  track  in  the  l)ram.  When 
examined,  six  months  after  the  infliction  of  the  injury,  the  wound  was 
represented  by  a  circular  trephine  opening  immediately  to  the  left 
of  the  middle  line  of  the  skull,  with  its  center  4  em.  above  the  inion. 
No  foreign  bodies  or  retained  missiles  were  visible  in  the  radiographic 
plates.  His  central  vision  was  6/6  in  each  eye,  and  he  believed  his 
vision  to  be  as  good  as  it  had  ever  been ;  but  he  had  an  absolute  right 
homonymous  hemianopia,  Avhich  came  exacth'  to  the  fixation  point. 
He  was  also  eomi^letely  blind  in  the  mesial  portions  of  the  left  lower 
quadrants  except  in  a  small  area  within  three  degrees  of  the  fixation 
point.  This  blind  area  lay  approximately^  between  the  inferior  ver- 
tical meridians  and  the  radii  at  45  degrees  from  them.  Vision  for 
both  white  and  colors  w^as  unimpaired  in  tlie  remaining  portions  of 
the  left  halves  of  the  fields. 

In  this  '^ase  the  right-sided  hemianopia  was  obviously  due  to  the 
deep  penetrating  wound  of  the  left  occipital  lobe.  The  loss  of  sight 
in  the  left  halves  of  the  fields  shows  that  the  right  visual  cortex  also 
must  have  suffered,  and  the  position  and  the  nature  of  the  wound 
make  it  probable  that  the  damage  to  the  mesial  surface  of  this  hemi- 
sphere was  superficial  and  probably  limited  to  the  surface  of  the 
cuneus.  That  portion  of  the  area  striata  that  lines  the  walls  and  the 
floor  of  the  calcarine  sulcus,  and  consequently  lies  farther  lateral- 
wards,  probably  escaped  injury. 

Holmes  has  seen  many  cases  in  which  superficial  injuries  of  the 
mesial  aspect  of  the  one  hemisphere  were  associated  with  blindness 
along  the  vertical  meridians  of  the  visual  fields.  This  suggests  that 
the  part  of  the  area  striata  Avhich  is  exposed  on  the  surface  of  the 
hemisphere  is  concerned  with  vision  in  the  neighborhood  of  the  ver- 
tical meridians,  while  the  visual  cortex  that  lies  more  laterally  in  the 
walls  and  floor  of  tlie  fissures  is  that  which  subserves  vision  along  the 
horizontal  radii.  Wilbrand  and  Henschen's  celebrated  case,  in  which 
a  narrow  homonymous  scotoma  that  extended  from  the  fixation  point 
horizontally  outward  to  60  degrees  was  associated  with  a  softening  of 
the  floor  of  the  fissure,  is  complementary  evidence  of  this  hypothesis. 
Holmes  has  not  seen  such  a  scotoma  produced  by  a  war  Avound  but  is 
not  surprised  thereat,  as  any  missile  Avhich  penetrated  the  brain  to  the 
bottom  of  the  calcarine  fissure  would  necessarily  injure  the  fibers  of 
the  optic  radiations  that  pass  to  other  parts  of  the  A'isual  cortex,  and 
consequently  produce  more  extensive  blindness. 

Pineus  (Abstr.  Amcr.  Jour.  OphthaL,  Aug.,  1918,  p.  138)  studied 
22  cases  of  occipital  shot  wounds  in  which  optic  neuritis  was  observed 
in  only  three  cases.     Eight  of  these  showed  the  typical   picture  of 
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homonymous  vertical  liemiauopia.  A  case  of  optic  aphasia  and  right- 
sided  hemianopia  did  fairly  well  after  the  shot  had  been  removed  from 
the  left  occipital  lobe.  In  a  patient  who  presented  peculiar  fatigue 
symptoms,  relatively  dark  portions  of  the  visual  field  became  abso- 
lutely dark  during  epileptiform  fits.  Five  cases  of  inferior  hemi- 
anopia of  varying  degree  were  noted,  only  one  being  the  result  of  a 
typical  cross  shot. 

Cushing  (Brit.  Jour.  Surg.,  April,  1918)  reports  a  number  of  cases 
with  hemianopia  of  the  vertical  order,  one  having  lesions  over  the  lat- 
eral sinus  Avith  damage  to  the  cerebellum  as  well  as  to  the  occipital 
lobe.  This  case  was  injured  by  the  passage  of  a  fragment  of  shell  be- 
neath his  helmet,  producing  a  deep  gutter  wound  behind  the  right 
mastoid.  There  was  some  bleeding  from  the  external  ear.  A  sharply- 
cut  left  homonymous  hemianopia  existed.  The  deep  reflexes  were 
brisk  to  exaggeration  but  no  cerebellar  symptoms  were  detected  be- 
yond a  slight  nystagmus.  At  operation  24  hours  after  the  injury, 
under  novocain  anesthesia,  the  scalp  Avound  was  excised  and  an 
oecipito-petrosal  comminution  with  indriven  fragments  was  found. 
When  these  were  removed  piecemeal,  a  penetration  of  the  dura  was 
disclosed  over  the  occipital  lobe,  with  a  marginal  tear  of  the  lateral 
sinus  Avhicli  was  secured  by  a  silver  clip.  The  sigmoid  sinus  was  also 
injured  by  a  large,  loose  fragment  which  Avas  not  dislodged,  as  efforts 
to  do  so  led  to  a  sliarj)  venous  hemorrhage.  One  large  detached  frag- 
ment apparently  opened  into  the  middle  ear.  A  large  amount  of 
disorganized  brain  with  blood  clots  was  removed  by  suction  and  irriga- 
tion. The  dura  over  the  cerebellum  Avas  very  tense  and  bluish ;  the 
'  membrane  Avas  incised  Avith  evacuation  of  a  large  blood  clot  and  bloody 
cerebro-spinal  fluid ;  incision  closed.  The  scalp  Avound  Avas  closed  Avith 
gutta  percha  drainage.  Seventeen  days  later  the  man  Avas  evacuated 
in  excellent  condition  ajid  Avitli  some  apparent  return  of  vision  in  the 
left  fields.  Three  months  later  a  slight  contraction  of  the  field  re- 
mained, and  tAvo  months  after  this  he  Avas  at  Avork  and  Avell  saA'e  for 
some  headaches  and  persisting  deafness  of  the  right  ear. 

Velter  (Archiv.  d'OpJital.,  xxxy,  3)  made  a  clinical  study  of  5  cases 
of  hemianopia :  The  first  had  a  penetrating  injury  of  the  left  occipi- 
tal region,  Avith  right  homonj^mous  hemianopia  and  preservation  of 
macular  vision ;  the  second  received  an  injury  to  the  right  occiput,  and 
a  bilateral  homonymous  hemianopia  resulted  Avith  macular  vision  alone 
remaining  for  some  time.  Later  the  right  side  of  the  field  recovered 
until  a  left  inferior  qnadrantic  hemianopia  finally  became  the  residual 
defect.  In  the  third  case  an  injury  to  the  right  occiput  Avas  folloAA'ed 
by  a  double  bilateral  hemianopia  Avhich  changed  into  inferior  hemi- 
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anopia  within  a  £ew  days  and  later  became  a  permanent  right  inferior 
quadrantic  hemiachromatopsia.  This  is  exjDlained  as  the  effect  of  a 
large  intrahemispheric  hematoma  pressing  upon  both  areas  in  the 
region  of  the  calearine  fissnre  and  producing  extensive  disturbance 
of  the  visual  field.  The  final  tissue  deficit  was  a  small  area  over  the 
left  superior  margin  of  the  calearine  fissure.  In  another  case  a  right 
homonymous  hemianopia  which  followed  a  left  occipital  injury  grad- 
ually recovered  a  perfectly  normal  field  after  three  months.  Villaret 
and  Eives  report  6  cases  of  bilateral  homonymous  hemianopia  in  two 
of  which  both  hemispheres  were  perforated,  with  vertigo  and  the 
hemianopia  as  the  sole  residual  disturbances. 

Cerise  {Arch.  d'O phial. ,  xxxv,  5)  details  2  cases  of  double  hemiano- 
pia with  conservation  of  macular  vision.  Vision  of  1/10  and  2/100 
was  recovered  after  initial  blindness  Avhicli  followed  an  extensive 
occipital  injury.  The  field,  doubly  hemianopic  in  each  eye,  was  re- 
duced to  central  vision  10°  to  15°  about  the  fixation  point.  There 
was  convergence  insufficiency,  hemiparesis  and  difficulty  in  writing. 

Bourhouet  and  Ronneaux  {Ann.  d'OcuL.  cliii,  7)  recount  an  inter- 
esting case  of  a  soldier  Avho  was  struck  in  the  right  temporal  region 
by  a  shell.  A  few  weeks  later  he  complained  of  headaches,  loss  of 
hearing  and  noise  in  the  right  ear.  Examination  of  the  fields  showed 
a  lower  left  quadrantic  hemianopia.  A  diagnosis  of  serous  meningitis 
was  made,  circumscribed  in  the  right  temporal  fossa  and  pressing 
upon  the  right  optic  tract  between  the  chiasm  and  the  cuneus.  A 
lesion  of  the  occipital  lobe  was  considered  excluded  by  the  lack  of 
optic  hallucinations.  Trepanation  of  the  right  temple  permitted  the 
outflow,  under  pressure,  of  about  40  cc.  of  fluid.  Recession  of  the 
hemianopia  followed  gradually  to  the  point  of  the  complete  disap- 
pearance within  two  months. 

Pieron  argues  for  the  existence  of  at  least  three  degrees  of  cortical 
hemianopia,  basing  his  argument  upon  the  case  of  a  soldier  who  was 
injured  in  the  left  occipital  region  from  the  explosion  of  a  shell. 
Though  apparently  blind  half  of  his  A'isual  field  proved  in  reality  to 
possess  vision  of  large  shadow  masses,  or  very  luminous  surfaces  be- 
longing to  this  part  of  the  field.  The  boundaries  of  light  vision  in 
the  anopic  field,  provided  sufficiently  intense  luminosity  was  em- 
ployed, were  the  same  as  those  of  the  normal  field.  There  was,  how- 
ever, in  this  blind  half  of  the  field  achromatopia  and  asteriopia,  or 
loss  of  vision  for  colors  and  loss  of  vision  for  form  and  size.  Pieron 
would  thus  recognize  in  cases  of  hemianopia  the  following  three  de- 
grees :  In  the  lightest  cases,  hemiachromatopia ;  in  more  marked  cases, 
hemiasteropia ;  and   for  the  complete   cases,   especially  with   radical 
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destruction  of  the  center  or  of  the  optic  tracts,  hemiaphotopia,  or  com- 
plete hemianopia. 

Moreau  {Ann.  cVOcul.,  Vol.  155,  p.  357,  1918)  discussing  dis- 
turbances of  macular  vision  caused  by  traumatic  occipital  lesions,  be- 
lieves that :  Since  vision  consists  not  only  in  recognition  of  the  ex- 
istence of  a  point  or  line,  but  also  in  determining  its  movements,  dis- 
tance, depth,  etc.,  these  factors  should  be  investigated  in  hemianopsia 
as  well  as  the  determination  of  the  losses  in  the  field.  That  is,  in  the 
ordinary  visual  fields  there  are  zones  of  orientation,  distinction,  and 
precision,  in  passing  from  the  periphery  to  the  center.  By  the  use  of 
a  stereoscope  with  Haitz'  or  Joseph's  charts  these  zones  can  be  de- 
termined. Different  letters  of  the  same  size  are  used,  instead  of 
points  or  squares,  and  the  places  where  these  are  recognized  are  joined 
into  a  zone  of  "distinction."  The  examination  must  be  frequently 
interrupted  to  avoid  the  antagonism  of  tiie  visual  field.  The  central 
vision  is  tested  by  means  of  Holmes'  or  Pigeon's  stereoscope  provided 
with  special  test  objects,  consisting  of  6-rayed  stars,  either  white 
on  black  background,  or  black  on  a  white  background.  If  the  largest 
is  seen  complete,  the  area  of  central  vision  is  normal.  If  branches 
or  part  of  the  nucleus  is  obscured,  smaller  ones  are  tried  until  one 
is  found  which  is  seen  complete.  Three  case  reports  with  interesting 
representations  of  the  visual  fields  are  given. 

General  results  of  visual  troubles  in  hemianopsia  with  central  le- 
sion, (a)  Reading. — There  is  an  irregular  rhythm  of  reading  by  hemi- 
anopes  different  from  the  uncertainty  of  the  amblyope.  It  is  more 
difficult  for  them  to  read  writing  than  printing,  and  unfamiliar  than 
familiar  texts,  (b)  Writing. — On  unruled  paper,  the  right  hemi- 
anope  has  much  more  trouble  than  the  left.  On  ruled  the  difference 
is  not  so  great.    In  the  former,  the  lines  slant  downward. 

Much  interest  has  been  evoked  by  the  attempts  to  estimate  the 
evaluation  of  the  invalidity  produced  by  the  various  hemianopic  de- 
fects. It  is  obvious  that  the  extent  and  position  of  the  scotomata,  and 
particularly  the  matter  of  macular  involvement,  are  all  of  the  highesi: 
importance.  On  account  of  the  marked  change  in  the  extent  and  form 
of  the  defect  which  often  occurs  during  the  months  just  following  the 
injury  no  immediate  estimate  of  the  degree  of  loss  should  be  made. 
Coutela  is  quoted  as  recommending  a  maximum  of  five  years  for  a 
final  decision.  It  must,  moreover,  not  be  forgotten  that  all  these 
injured  soldiers  show  general  cerebral  symptoms,  and  that  it  is  nec- 
essary to  bear  in  mind  the  concomitant  nervous  disturbances. 

Marie  and  Chateyn  have  found  that  10  per  cent,  of  soldiers  with 
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cranial  injuries  have  seme  involvement  of  the  cortical  visual  centers, 
with  hemianopia  as  the  principal  symptom. 

Morax,  IMoreau  and  Genet  {Arch.  cVOphtal.,  xxx,  -i)  undertake  to 
establish  the  amount  of  compensation  due  to  soldiers  with  such  dis- 
turbances and  give  to  each  nasal  half  of  a  field  the  value  of  12  per 
cent.,  the  temporal  half  24  per  cent,  and  tlie  two  halves  36  per  cent. 
Homonymous  hemianopia  impairs  the  vision  much  more  than  the 
loss  of  one  eye.  For  quadrantic  hemianopia  the  value  of  each  nasal 
quadrant  is  figured  at  6  per  cent,  Avith  12  per  cent,  for  each  temporal 
quadrant.  For  a  bitemporal  hemianopia  64  per  cent,  is  given  as 
the  commensurate  value  and  32  per  cent,  for  binasal,  while  hemi- 
anopia in  an  individual  who  has  sustained  enucleation  of  the  other 
eye  is  placer'  by  36  per  cent,  for  the  hemianopia  and  33  per  cent,  for 
the  loss  of  the  eye.    ' 

5.  Quadrantic  hemianopia.  Quadrantic  or  incomplete  hemianopia 
is  most  often  the  result  of  injury  to  the  optic  radiations,  the  lower 
fields  being  nearly  always  involved  and  the  actual  direct  and  residual 
injury  being  limited  to  the  superior  lip  of  the  calcarine  fissure  or  to 
the  portion  of  the  optic  radiations  terminating  there.  Frequent 
permanent  defects  of  this  nature  evolve  out  of  initial  total  blindness. 
These  defects  are  homonymous,  and  while  in  the  main  superimposable, 
often  are  not  identical  mathematically.  As  a  rule  such  sectors  of 
blindness  lie  between  the  vertical  line  through  the  fixation  point  and 
one  of  the  oblicpie  radii.  Defects  bounded  by  an  adjacent  radius  are 
more  uncommon.  Pincus  {Joe.  cit.)  details  a  case  in  which  sector 
quadrantic  defects  in  the  left  upper  ciuadrant  were  caused  by  a  piece 
of  shell  lodged  in  the  optic  radiations,  paralleling  Axenf eld's  unique 
case  of  residual  right  upper  quadrantic  hemianopia  due  to  a  bullet 
lodged  close  beneath  the  occipital  cortex.  Marie  and  Chatelin  re- 
port 5  cases  of  inferior  quadrantic  hemianopia  and  many  other  ob- 
servers have  added  to  the  numerical  total  of  reported  cases. 

Holmes  {Brit.  Jour.  Ophthal.,  July,  1918,  p.  366)  describes  a 
characteristic  case  where  a  circular  contused  wound  just  to  the  right 
of  the  midline  and  centered  3  cm.  above  the  inion,  was  the  point  of 
entry  for  a  whole  shrapnel  ball  which  had  lodged  about  1.5  cm.  to 
the  left  of  the  midline,  about  2  cm.  anterior  to  the  occipital  bone 
and  with  its  lower  border  5  cm.  above  the, inion.  The  visual  fields 
were  first  examined  five  weeks  after  injury.  There  was  no  headache 
or  other  cerebral  symptom  aside  from  the  visual  defect  of  which  the 
patient  was  scarce]}^  aware.  Central  vision  was  6/9  in  each  eye,  but 
a  complete  right  inferior  quadrantic  liemianopia  was  found  extending 
to  114°  from  the  fixation  point,  together  with  a  sector-shaped  left 
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inferior  paracentral  scotoma  Avhich  Jay  between  the  inferior  vertical 
line  and  the  radius  at  45°  to  it;  it  came  to  within  4°  of  the  fixation 
point.     The  color  fields  were  normal  save  in  the  l)lind  areas. 

The  quadrant ic  hemianoi)ia  in  this  case  was  clearly  due  to  the  ex- 
lensive  lesion  produced  by  the  shrapnel  ball  in  the  mesial  part  of  the 
left  occipital  pole  above  the  level  of  the  calcarine  fissure,  the  case 
suggesting  that  those  portions  of  the  retintr  which  lie  along  the  su- 
])erior  vertical  radii  send  their  afii'erent  impressions  to  the  dorsal  por- 
tions of  the  visual  areas  which  lie  uncovered  on  the  mesial  surfaces 
of  the  occipital  lobes. 

6.  Hemianopic  scoiomaia.  Hemianopic  scotomata  are  the  most 
common  visual  defects  found  after  occipital  wounds  but  are  essen- 
tially associated  with  those  of  the  tangential  variety  producing  mod- 
erate and  superficial  injuries.  The  outer  table  is  usually  intact,  and 
trepanation,  which  should  be  the  rule,  commonly  reveals  a  crack  in 
the  inner  table,  with  more  or  less  hemorrhage  beneath  the  dura  and 
varying  injury  to  the  brain  substance. 

Although  the  visual  defect  is  absolute,  these  scotomata  are  nearly 
ahvays  ignored  or  are  unrecognized,  unlike  the  inferior  and  quad- 
rantie  hemianopias,  where  a  vague  sense  of  visual  modification  ex- 
ists. Accordingly  such  defects  are  easily  missed  and  have  to  be 
sought  for  with  the  greatest  care,  using  the  Bjerrum  screen  and 
studying,  especially,  the  region  about  the  fixation  point.  When 
sought  for  by  this  method  and  in  a  routine  manner,  such  defects  are 
found  in  over  1  per  cent,  of  the  projectile  wounds  of  the  skull,  and 
are  extremely  common  in  all  the  lighter  injuries  of  the  occipital 
lobes.  When  the  poles  of  both  occipital  lobes  are  injured  central  vi- 
sion may  be  completely  lost,  while  a  unilateral  wound  causes  homony- 
mous scotomata  in  the  opposite  halves  of  the  fields.  Their  topography 
is  variable :  they  may  be  central,  paracentral  or  peripheral ;  some  are 
simple,  others  multiple  and  homolateral  or  heterolateral.  Hemianopic 
scotomata  are  characteristic  in  being  practically  always  homonymous, 
comparable,  if  not  mathematically  identical  in  form  and  unmodified 
by  time,  facts  which,  in  common  with  the  accompanying  occipital 
wounds,  identify  them  as  the  product  of  lesions  of  the  central  optic 
pathways  rather  than  of  the  optic  nerves  or  the  retinae.  At  times, 
as  suggested  by  a  case  of  Mariet's,  the  repeated,  careful  plotting  of 
these  scotomata  may  give  an  early  and  valuable  index  of  abscess 
formation. 

The  most  interesting  and  important  of  these  scotomata  are  the  cen- 
tral and  the  paracentral,  and  in- illustrating  their  types  and  in  the 
discussion  of  their  illumination   of  the  uncertain   details  of  cortical 
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visual  localization,  the  admirable  work  and  conclusions  of  Holmes  are 
followed. 

Homonymous  paracentral  scotomas  are  frequentlj'  produced  by  in- 
juries of  the  polar  region  of  one  occipital  lobe.  The  visual  fields  in 
the  following-  case  represents  a  characteristic  type : 

A  soldier  was  wounded  by  a  fragment  of  shell  and  was  operated 
on  in  a  casualty  clearing  station  the  same  day.  He  was  unconscious 
or  at  least  remembers  nothing  tliat  happened  during  the  first  few 
days.  Then  he  discovered  that  he  could  not  see  accurately  to  his  left, 
but  frequently  noticed  flashes  of  light  to  this  side  which  he  compared 
to  ordinary  gun-flashes.  He  had  also  a  feeling  "that  there  was  al- 
ways something  standing  on  the  left  side,  a  person  or  something"  but 
he  could  distinguish  no  form.  His  vision  improved  quickly,  but  be- 
came stationary  within  a  few  Avceks, 

The  wound  was  rei)resented  by  a  healed  vertical  scar  in  the  occipital 
region  immediately  to  the  right  of  the  middle  line.  Beneath  it  there 
Avas  a  defect  in  the  skull,  4-4  cm.  in  vertical  length  and  2  cm.  broad, 
Avhich  extended  from  1  cm.  above  the  inion  upAvards,  parallel  to  the 
mesial  sagittal  plane  of  the  head. 

Fi\'e  months  after  injury  the  vision  was  6  6  in  each  eye.  He  com- 
])lained  that  in  reading  he  had  difficulty  in  finding  the  beginning  of  a 
line  or  paragraph,  and  even  the  first  letters  of  a  long  Avord.  In  the 
street  he  often  failed  to  see  people  in  front  of  him  and  to  his  left. 
The  peripheral  limits  of  his  vision  to  a  circular  Avhite  object  7  mm. 
in  diameter  Avere  normal,  but  there  Avas  a  large  left  paracentral  sco- 
toma Avhicli  extended  from  the  fixation  point  to  about  20  degrees  to 
tlie  left.     Its  edges  Avere  markedly  sharp  and  definite. 

In  this  case  an  injury  of  the  right  occipital  pole,  Avhich  must  have 
involved  the  posterior  end  of  the  area  striata,  caused  a  left  homony- 
mous paracentral  scotoma.  This  is  the  condition  of  the  visual  fields 
most  commonh'  associated  Avith  lesions  of  this  region.  The  scotoma 
generally  extends  up  to  the  fixation  point,  and  usually  its  size  can 
be  seen  to  bear  a  close  relation  to  the  depth  of  the  Avound.  "Such 
cases  supplement  the  evidence  Ave  liaA'e  alread.y  obtained  that  the 
center  for  macular  and  paramacular  amsIou  lies  near  the  posterior 
ends  of  the  hemispheres." 

In  another  ease,  Avith  a  similar  defect  in  the  left  sides  of  the  visual 
fields,  total  destruction  of  the  posterior  part  of  the  right  striate  area 
Avas  found  on  post  mortem  examination,.  Avhen  death  took  place  five 
Aveeks  after  the  infliction  of  the  Avound. 

Smaller  paracentral  scotomata  are  frequently  limited  to  either  the 
upper  or  loAver  homonymous  quadrants.     Their  position  in  the  field 
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of  visions  al\va3%s  bears  a  close  relation  to  the  site  of  the  wound  in  that 
they  lie  below  tlie  fixation  jioint  when  the  injury  involves  the  upper 
and  posterior  end  of  the  calcarine  area,  and  above  it  when  the  ventral 
portio]!  of  the  visual  region  is  damaged. 

The  following  case  is  a  typical  example  of  an  inferior  paracentral 
scotoma. 

Lieut.  H.  was  wounded  in  Nov.,  1915,  by  a  bullet.  He  found  at  once 
that  he  could  not  see  the  ground  at  his  feet  properly.  When  he  was 
examined  four  days  later  his  only  complaint  was  that  in  trying  to  read 
he  could  not  see  the  lines  immediately  below  that  on  which  his  eyes 
Avere  directed,  though  the  rest  of  the  page  was  visible  to  him.  There 
Avas  a  tangential  scalp  wound  with  its  entry  2i/2  cm.  above  and  4  cm. 
to  the  right  of  the  inion,  while  the  exit  was  in  the  middle  line  2  cm. 
above  the  inion. 

Peripheral  vision  was  undisturbed,  but  there  was  a  small  absolute 
paracentral  scotoma  in  the  left  lower  quadrants  which  extended  from 
the  fixation  points  outward  and  downward  to  about  9  degrees.  This 
patient  was  examined  again  recently,  more  than  three  and  a  half  years 
after  the  infliction  of  the  wound.  Peripheral  vision  for  both  white  and 
colors  was  unrestricted,  and  his  visual  acuity  was  6/6  in  both  eyes, 
but  the  paracentral  scotoma  remained  practically  unaltered,  the  only 
change  being  that  he  could  now  recognize  a  moving  white  object  be- 
tween six  and  nine  degrees  from  the  fixation  point,  where  he  was  at 
first  totally  blind.  But  in  this  narrow  zone  vision  for  white  was  still 
very  defective,  and  colors  could  not  be  recognized. 

The  only  inconvenience  he  experiences  is  in  his  work  as  an  account- 
ant ;  in  "  running  up  "  a  column  of  figures  he  adds  them  correctly,  but 
in  "running  down"  a  column  he  often  fails  to  see  the  left-sided  figures, 
that  is  the  hundred  and  the  thousand  units. 

In  the  case  described  by  Abelsdorff,  a  wound  of  the  occiput  was  fol- 
lowed by  a  small  left  paracentral  hemianopic  scotoma  which,  during 
the  healing  of  the  wound,  was  transformed  into  a  bilateral  central 
scotoma,  without  the  presence  of  any  other  anomaly  of  visual  acuity. 

Superior  paracentral  scotomata  are  much  less  common.  Lister  and 
Holmes  having  described  two  cases,  Marie  and  Chatelin  two,  Riddoch 
one  and  Holmes  three  additional  up  to  August,  1918.  In  all  these 
patients  the  lesion,  as  far  as  could  be  determined,  involved  the  lower 
part  of  the  area  striata  indicating,  therefore,  that  the  retina  imme- 
diately below  the  macula  is  represented  in  the  lower  portion  of  the  cal- 
carine area. 

This  form  of  injury  is  illustrated  by  the  case  of  an  officer  who  was 
wounded  by  a  fragment  of  shell-casing.    He  was  not  made  unconscious 
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and,  after  the  first  few  days,  complained  of  no  symptoms  nor  of  any 
visual  disturbance.  About  three  weeks  later  increasing  headache  de- 
veloped, accompanied  by  a  slight  degree  of  optic  neuritis.  The  wound 
was  an  oblique  gutter  3.8  cm.  long,  extending  from  the  upper  margin 
of  the  inion  to  the  right  and  slightly  upwards.  A  radiogram  showed 
a  depressed  fracture,  which  at  operation  was  found  to  overly  an  ex- 
tensive extradural  clot.  The  dura  was  bruised  but  not  lacerated  and, 
accordingly,  was  not  incised.  Recovery  was  uneventful.  Four  weeks 
after  the  injury,  he  was  unaware  of  any  visual  disturbance  and  the 
peripheral  limits  of  both  white  and  color  fields  were  normal  in  each 
eye,  but  a  small  absolute  paracentral  scotoma,  which  extended  from 
the  fixation  point  to  about  4°  was  found  in  both  upper  left  quadrants. 
The  absolute  scotoma  reached  slightly  below  the  horizontal  line  where 
it  was  continuous  with  an  area  in  which  vision  for  white  objects — 
7  mm.  disc — was  very  imperfect  and  color  vision  was  lost. 

Another  instance  of  a  superior  paracentral  scotoma  was  afforded 
b.y  a  soldier  who  was  wounded  by  a  fragment  of  shell  which  burst  be- 
hind him  while  he  was  riding.  He  was  dazed  for  a  while  but  did 
not  lose  consciousness  and  was  able  to  ride  alone  to  the  first-aid  post 
though  his  sight  was  considerably  affected.  He  was  immediately  trans- 
ferred to  a  casualty  clearing  station,  where  part  of  the  missile  that  was 
imbedded  in  his  skull,  and  splinters  of  bone  which  had  been  driven 
through  the  dura  into  the  right  occipital  lobe,  were  removed. 

The  wound,  five  months  later  when  he  was  examined,  was  repre- 
sented by  a  sear  slightly  above  and  to  the  right  of  the  inion,  with 
roughened  bone  and  a  defect  in  the  skull  beneath  it.  Radiographic 
plates  revealed  a  small  circular  trephine  hole,  2  cm.  in  diameter,  its 
center  being  V/o  cm.  above  the  inion. 

He  stated  that  his  vision,  which  was  at  first  seriously  impaired,  im- 
proved quickly  and  that  it  was  as  good  when  he  reached  England,  a 
fortnight  after  being  wounded,  as  it  was  at  this  examination.  He  com- 
plained only  that  he  had  difficulty  in  reading,  as  he  generally  missed 
the  first  few  letters  in  long  words. 

Central  vision  was  G/6  in  eaeh  eye,  and  on  examination  witli  a 
perimeter  the  peripheral  limits  of  the  fields  were  found  to  be  normal. 
He  had,  however,  a  small  absolute  scotoma  to  both  white  and  colors 
to  the  left  of  the  fixation  point.  It  was  carefully  mapi)ed  out  by  the 
aid  of  a  screen ;  the  greater  part  oi"  it  lay  in  the  left  upper  quadrants, 
into  which  it  extended  5-6  degrees  from  the  fixation  point,  but  a  small 
part  projected  into  the  lower  (juadrants.  Its  edges  were  remarkably 
sharp,  and  were  identical  to  white  and  colors,  an  object  moved  from 
i1  into  the  seeing  poi'tioiis  of  liis  fields  appeared  suddenly  as  if  it  had 
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I'ome  from  behind  a  screen.     The  blindness  extended  directly  up  to 
the  fixation  point. 

Here,  as  the  wound  was  immediately  above  the  inion  and  the  scoto- 
mas lay  chiefly  in  the  upper  quadrants,  the  causative  lesion  must  have 
affected  the  lower  and  posterior  part  of  the  striate  area. 

Yelter  {he.  cit.)  reports  an  instance  of  tangential  trauma  in  the 
midline  of  the  occiput  which  was  followed  by  a  rapid  recovery  of  the 
initial  blindness  to  the  point  of  a  normal  field  for  white  but  a  con- 
tracted color  field.  A  small  absolute  scotoma  was  found  in  the  upper 
right  quadrant,  of  the  paracentral  type. 

Bilateral  paracentral  scotomafa  are  less  common,  but  when  they 
occur  they  furnish  further  confirmatory  evidence  of  the  conclusions 
to  which  we  have  already  come.  The  following  is  a  good  illustrative, 
case :  Pte.  B.  was  wounded  by  a  machine-gun  bullet  which  passed 
througli  his  steel  helmet.  He  was  dazed  or  semi-conscious  for  a  short 
time.  He  then  M'alked  alone  to  tlie  dressing  station,  but  fell  repeatedly 
into  shell  holes  and  across  obstacles  as  he  could  not  see  the  ground  be- 
fore his  feet.  An  operation  was  performed  on  the  third  day  after 
the  infliction  of  the  wound,  and  a  fortnight  later  he  w^as  transferred 
to  England  where  he  remained  in  hospital  for  four  months.  During 
this  time  he  stated  that  he  could  see  quite  well,  and  was  not  aware 
that  his  vision  was  affected.  He  volunteered  for  active  service  and 
went  to  France  again  2  years  after  the  injury,  at  which  time  the  wound 
was  indicated  by  a  transverse  horizontal  scar,  8  cm.  in  length,  which 
was  bisected  by  the  middle  line  and  crossed  it  4  cm.  above  the  inion. 
Radiographic  plates  revealed  two  small  circular  openings  in  the  skull, 
one  on  each  side  of  the  median  line ;  their  lower  margins  were  2% 
cm.  above  the  point  of  the  inion. 

Central  vision  was  6/18  in  each  eye  and  the  peripheral  limits  of 
his  visual  fields  for  both  white  and  colors  were  normal.  There  was, 
however,  a  large  absolute  bilateral  inferior  paracentral  scotoma,  more 
extensive  in  the  right  than  in  the  left  quadrants,  which  on  the  right 
came  to  one  degree  from  the  fixation  point,  and  2i,/2  degrees  from  it 
on  the  left.  This  area  of  total  blindness  was  surrounded  by  a  zone 
in  wbich  a  moving  object  could  be  seen,  though  it  appeared  gray  and 
indistinct,  and  in  which  the  colors  of  test  objects  could  not  be  recog- 
nized. Except  in  this  amblyopic  area  the  color  fields  were  normal. 
In  this  man  both  hemispheres  were  obviously  injured  above  the  level 
of  the  calearine  fissures,  and  the  resulting  blindness  was  limited  to  the 
inferior  quadrants.  The  fact  that  the  blindness  did  not  extend  into  the 
immediate  area  of  the  fixation  point  is  probably  to  be  attributed 
to  the  escape  of  tlie  posterior  extremities  of  the  visual  cortex. 
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Not  infrequently  two  or  more  scotomala  coexist,  which  ma}"  be  sep- 
arated from  one  another  or  united  into  a  complex  figure.  It  is  ou 
these  eases  that  we  can  most  easily  test  our  hypotheses  of  cortical  pro- 
jection and  if  by  them  we  can  explain  the  occurrence  of  the  blind 
areas  as  a  result  of  the  anatomical  sites  of  the  wounds  we  have  a 
strong  argument  that  they  are  correct.  The  following  case  is  an  in- 
stance of  a  right  inferior  paracentral  scotoma  while  to  the  left  of  the 
fixation  point  there  was  a  similar  area  of  blindness,  chiefly  above  the 
horizontal  plane.  This  observation  was  made  on  a  man  six  weeks 
after  he  received  an  oblique  gutter  wound  which  crossed  the  middle 
line  of  his  skull  2  cm.  above  the  inion;  it  passed  from  below  upwards 
and  to  the  left,  and  consequently  injured  the  lower  portion  of  the 
area  striata  on  the  right  side,  producing  the  left  superior  scotoma, 
and  the  upper  part  of  the  visual  cortex  on  the  left  hemisphere,  caus- 
ing the  defect  in  the  right  inferior  quadrants. 

This  series  of  cases  illustrates  the  evidence  that  Holmes'  observa- 
tions furnish  on  the  cortical  localization  of  central  and  pericentral 
vision.  It  proves  that  the  macular  and  perimacular  regions  of  the 
retina  are  represented  at  or  near  to  the  occipital  poles  of  the  hemi- 
spheres. It  is  probable  that  the  poi'tion  of  the  area  striata  which  fre- 
quently spreads  over  the  occipital  pole  and  on  to  the  lateral  .surface  of 
the  brain  may  be  the  center  of  macular  sight.  The  frequency  of  para- 
central scotomata  is  consequently  accounted  for  by  the  more  exposed 
position  of  this  part  of  the  visual  area  than  of  that  which  lies  on  the 
mesial  surfaces  of  the  hemis])heres.  It  seems  xevy  probable  too,  that 
the  maeulffi  have  anatomically  larger  representations  in  the  cortex 
than  the  less  highly  specialized  peri])heral  zones  of  the  retina,  and  in 
this  we  may  find  the  explanation  of  the  frequency  of  small  areas  of 
blindness  in  the  neighborhood  of  the  fixation  point,  though  the  causal 
lesions  may  be  relatively  gross. 

According  to  Ronne  (KUu.  M.  f.  Aiigh.,  Vol.  56,  p.  501)  the  incon- 
gruence noted  not  infrequently  in  the  deficit  areas  in  the  visual  fields 
seen  after  occipital  injuries  may  be  due  to  errors  of  observation 
in  perimetry  which  may  be  avoided  liy  using  a  series  of  test  objects. 
lie  further  concludes  that  true  incongruence  exists  M'lien  the  lesion  is 
at  a  part  of  the  optic  ])ath  where  Ihe  fillers  from  corresponding  retinal 
points  are  not  yet  associated,  a  condition  more  likely  to  exist  the  moi*e 
anterior  the  injury,  as  the  pronounced  hemianopie  ineongi'uenee  which 
indicates  a  lesion  of  the  tract  near  its  junction  \ntli  the  chiasm.  Owing 
to  the  normally  greater  extent  of  the  temporal  field  its  outer  part  is 
not  associated  with  any  part  of  tlio  nasal  field  of  the  other  eye,  but 
I'emains  un]>aii'ed.  and  incongruence  may,  therefore,  exist  to  the  extent 
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of  this  unpaired  portion  of  the  temporal  field  or,  at  least,  in  so  far 
as  the  temporal  defect  in  one  field  may  exceed  the  nasal  defect  in  the 
other.  Incongruence  may  occur  in  respect  of  an  upward  divergence 
of  the  vertical  margins  of  hcmiopic  fields.  This  symptom  is  not  con- 
cerned with  the  arrangement  of  the  nerve  fil)rcs,  but  with  the  fact  that 
the  hemianopic  symmetric  plane  does  not  fall  exactly  in  line  with  the 
sagittal  plane  of  the  eyes.  According  to  Wilbrand,  the  cortical  repre- 
sentation of  corresponding  points  may  be  irregularly  arranged,  and 
thus  incongruence  in  the  fields  may  be  produced.  The  sparing  of  the 
macula  or  overflowing  field  of  Wilbrand  is  another  form  of  incongru- 
ence. Ronne  concludes  that  this  is  due  to  a  purely  peripheral  inter- 
weaving of  the  nerve-fibres  in  the  retina.  At  the  same  time  a  differ- 
ence in  the  two  sides  in  this  respect  must  in  all  probability  be  referred 
to  an  irregularity  in  the  arrangement  of  the  cortical  representation, 
as  individual  irregularities  in  the  arrangement  of  the  nerve-fiber 
bundles  may  exist  despite  the  fact  that  in  the  great  majority  of  cases 
the  mixing  of  the  fibers  is  extremely  regular. 

Myerhof  {Klin.  M.  f.  Augh.,  Vol.  56,  p.  62)  also  believes  that  in- 
congruent  hemianopia  is  due  to  an  unusual  arrangement  of  the  nerve 
fasciculi  in  the  occipital  lobe.  He  reports  two  cases  of  this  type  pro- 
duced by  occipital  injuries. 

Localization  of  peripheral  vision.  If  all  our  experience  points  to  a 
posterior  representation  of  macular  vision  in  the  calcarine  regions  we 
may  by  exclusion  assume  that  the  center  for  peripheral  vision  lies  in 
the  anterior  part  of  the  visual  areas.  There  is,  however,  relatively 
little  direct  evidence  of  this.  It  is  true  that  this  region  of  the  brain 
is  not  uncommonly  injured  by  gunshot  wounds,  but  as  the  anterior  part 
of  the  calcarine  area  is  surrounded  on  each  side  by  the  optic  radiations 
that  carry  all  visual  impressions  corticalwards,  the  visual  defect  pro- 
duced by  such  a  cortical  lesion  would  be  complicated  by  the  presence 
of  blindness  due  to  interruption  of  the  fibers  of  the  radiations.  Rid- 
doch  has,  however,  observed  a  case  in  which  peripheral  contraction  of 
both  halves  of  the  visual  fields  was  associated  with  the  presence  of  a 
missile  and  fragments  of  bone  between  the  mesial  surfaces  of  the  oc- 
cipital lobes,  in  such  a  position  that  the  anterior  parts  of  the  areas 
striata?  were  probaljly  injured.  Holmes  has  also  recorded  a  case  with 
loss  of  peripheral  vision  in  the  homonymous  fields  in  which  a  missile 
was  located  at  the  juncture  of  the  calcarine  and  parieto-occipital  sulci. 
The  following  case  is  further  evidence  in  this  question:  Corporal  "W. 
was  wounded  by  a  fragment  of  shell  which  dazed  him  for  a  moment, 
but  caused  no  noticeable  affection  of  his  sight.  He  was  operated  upon 
in  a  casualtv  clearing  station  the  next  inoriiing.     His  wound  healed 
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quiekl}'  and  he  remained  free  from  symptoms  except  headache  for  four 
months.  When  one  morning-  his  right  side  became  suddenly  numb 
and  weak,  and  a  dull  black  spot  appeared  in  the  vision,  he  referred 
it  to  the  lower  margin  of  the  outer  canthus  of  the  right  eye,  and  re- 
peatedly tried  to  rub  it  away,  without  success.  After  some  minutes 
he  began  to  see  flashes  of  light  "like  lightning,  uncolored,"  which 
flashed  from  the  black  spot  toward  the  center  of  the  eye ;  these  per- 
sisted for  ten  or  fifteen  minutes.  Then  he  lost  consciousness  and  was 
probably  convulsed.  This  was  the  only  severe  fit  he  had,  but  two 
minor  attacks  have  occurred  on  an  average  every  day  since  then. 
These  alM-ays  commenced  with  the  appearance  of  one  or  two  black 
spots  which  he  referred  to  the  lower  margin  of  the  right  outer  canthus. 
The}'  were  at  first  very  faint,  but  became  more  and  more  distinct,  and 
then  flashes  of  light  began  to  slioot  from  them  toward  the  center  of  his 
right  eye,  persisting  as  long  as  thirty  minutes,  and  appearing  whether 
his  eyes  were  closed  or  open.  In  these  attacks  he  felt  strange,  as  if 
he  were  going  out  of  his  mind,  and  after  them  he  had  considerable 
lieadache. 

When  examined,  seven  months  after  the  infliction  of  the  wound 
Ihis  was  "represented  by  a  small  circular  trephine  opening  imme- 
diately to  the  left  of  the  middle  line  of  the  skull,  with  its  center  slightly 
above  the  lambda  or  about  8  cm.  above  the  inion.  Radiograms  revealed 
an  irregular  piece  of  metal  in  the  brain ;  in  antero-posterior  views  it 
was  seen  slightly  to  the  left  of  the  middle  line,  and  when  measured 
on  lateral  stereoscopic  plates  it  was  localized  in  the  antero-inf  erior  part 
of  the  left  cuneus,  immediately  posterior  to  the  junction  of  the  cal- 
earine  and  parieto-occipital  sulci. 

Ilis  visual  fields  were  repeatedly  examined.  He  perceived  a  circular 
Avhite  object  ten  mm.  in  diameter  to  the  natural  limits  of  his  fields,  but 
in  the  periphery  of  the  lower  right  quadrants,  it  was  blurred,  indis- 
tinct, and  grayish,  and  often  disappeared  from  vision  for  a  moment, 
especially  when  it  was  not  moved.  It  also  seemed  much  smaller  in 
this  region  which  extended  to  about  forty-five  degrees  from  the  fixation 
point.  He  could,  however,  distinguish  the  relative  size  of  two  objects 
presented  to  him  in  this  area  as  accurately  as  in  homologous  parts  of 
his  left  fields,  and  recognize  the  shape  of  test  objects,  though  the  recog- 
nition was  less  certain.  When  an  object  2  mm.  in  diameter  was  em- 
ployed, this  amblyopic  area  was  more  extensive,  especially  near  the 
vertical  meridians.  The  fields  for  red  and  green  objects  10  mm.  in 
diameter,  were  approximately  normal  and  equal  in  the  right  and  left 
temporal  fields,  but  when  a  large  red  object  30  mm.  in  diameter  was 
used  lie  failed  to  distinguish  its  color,   or  saw  it  only  as   indefinite 
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grayish-red,  in  tlie  amblyopic  area,  thoiigli  its  color  was  distinct  out 
to  70  degrees  in  the  lower  left  quadrants. 

The  radiographic  localization  of  the  missile  in  this  case,  shows  that 
it  was  in  or  near  the  anterior  part  of  the  area  striata  of  the  left 
licmisphcre,  and  the  occurrence  of  amblyopia  in  the  periphery  of  the 
lower  right  quadrants  suggests  that  this  is  the  part  of  the  visual  cortex 
that  is  concerned  with  peripheral  vision  below  the  horizontal.  Further, 
it  was  here  that  the  visual  spectra,  which  were  undoubtedly  due  to 
discharges  from  the  neighborhood  of  the  irritant  lesion,  always  first 
appeared. 

The  missile  was  removed.  It  was  found  on  the  left  surface  of  the 
falx  and  probably  la}'  in  the  anterior  and  inferior  part  of  the  cuneus. 
Since  the  operation  he  has  had  only  one  visual  attack,  which  occurred 
on  the  second  day  of  convalescence. 

Further,  all  our  facts  go  to  prove  that  the  centre  for  macular  or 
central  vision  lies  posteriorly  in  the  visual  cortex,  while  that  for  peri- 
pheral vision  is  situated  anteriorly  in  it.  The  representation  of  the 
intermediate  zones  of  the  visual  fields  from  the  fixation  point  outward 
are  j^robably  arranged  in  this  order  from  behind  forwards  in  the  visual 
eortex. 

These  observations,  merely  selections  from  a  large  number  of  cases, 
indicate  that  there  is  a  definite  and  real  representation  of  the  retinae 
in  the  visual  cortex.  There  can  be  little  doubt,  too,  of  the  general 
principles  of  this  localization ;  the  macular  regions  are  represented 
posteriorly  and  the  periphery  of  the  retinge  more  anteriorly  in  the 
occipital  lobes,  while  the  upper  and  lower  portions  of  the  retinae  are 
projected  on  to  the  corresponding  portions  of  the  visual  cortex.  Fur- 
ther, the  mesial  horizontal  segments  of  the  retinae  are  probably  pro- 
jected in  Ihe  neighborhood  of  the  floors  of  the  calcarine  fissures. 

And  not  on\v  is  each  segment  of  the  retinas  represented  in  a  definite 
portion  of  the  visual  cortex,  but  tliir.  representation  is  fixed  and  im- 
mutable, so  that  if  a  part  of  the  visual  cortex  be  totally  destroyed 
there  will  be  a  i)ermanent  blindness  of  the  corresponding  segment  of 
the  visual  fields.  Only  so  can  we  explain  the  persistence  of  such  a 
small  scotoma  as  in  the  case,  which,  when  examined  three  and  a  half 
years  after  the  infliction  of  the  wound,  was  found  almost  identical 
in  size  and  position  to  that  observed  within  the  first  few  days  of  the 
injury.  In  other  reported  cases  the  blind  area  has  remained  unaltered 
for  many  months  after  the  injury.  There  is  no  place  here  for  the 
theory  of  vicarious  substitution  of  the  function  of  parts  destroyed,  by 
other  regions  of  the  brain. 

It  is  true  that  the  functional  loss  observed  immediatelv  or  shortlv 
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after  the  infliction  of  the  wound  is  generall}*  considerably  greater  than 
the  permanent  blindness,  but  this  can  be  expected,  since,  in  addition 
to  destruction  of  a  portion  of  the  brain,  gun-shot  injuries  produce 
less  severe  damage  M'itli  temporary  loss  of  function  in  a  zone 
around  it. 

It  is  the  rule,  in  so  far  as  the  visual  cortex  is  concerned,  that  this 
temporary  blindness  or  amblyopia  disappears  within  a  few  weeks,  and 
leaves  only  the  permanent  defeat,  provided  there  is  no  sepsis,  inflam- 
mation, or  hernia  formation.  For  this  reason,  observations  made 
within  a  few  weeks  of  the  infliction  of  the  wound,  can  be  utilized 
in  the  problem  of  visual  localization.  That  sight  may  later  return  in 
portions  of  an  area  that  was  at  first  blind  is  no  valid  argument 
against  the  employment  of  such  cases  in  the  problem  of  cortical  local- 
ization of  vision,  for  any  scheme  of  localization  that  is  true  must 
explain  the  form  and  distribution  of  these  temporary  changes  as  well 
as  the  permanent  loss  of  function. 

Fleischer  (Heidelberg  Ophthal.  Congress,  1916)  supports  the  clin- 
ical observations  and  conclusion  reached  by  Wilbrand  that  the  nerve 
fibers  which  supply  the  temporal  crescent  in  the  visual  field  pass  in 
a  bundle  separate  from  the  rest  of  the  optic  nerve  fibers,  separately 
from  the  chiasm  to  the  occiput.  Fleischer  believes  that  his  observa- 
tions made  in  shot  Avounds  of  the  occiput  show  that  these  fibers  run 
separately  in  the  occipital  lobes  as  well,  where  they  have  their  own 
area  of  distribution.  In  one  case  Avhich  he  describes,  the  temporal 
crescent  of  one  eye  Avas  destroyed  by  a  shot  lying  just  beneath  the 
cortex  of  the  lobe,  AA'hence  it  AA'as  later  removed.  In  tAVO  other  cases 
the  crescent  Avas  partially  preserved,  in  one  case  after  the  extraction 
of  a  bullet  from  the  occipital  lobe,  in  the  otlier  after  the  formation  of 
an  abscess  folloAving  a  shot  AA'ound. 

The  marked  lateral  situation  of  the  shot  in  the  first  case,  Avith  the 
position  of  the  Avound  close  to  the  middle  liric  in  the  last,  make  it 
seem  probable  that  the  cortical  area  of  the  temporal  crescent  lies 
somcAvhat  laterally  in  the  visual  area  of  the  occipital  lobe. 

Yillaret  and  Beaulieu  (Ani>.  de  Mul.,  :Mavch,  19] 9,  5,  No.  6)  in 
their  interesting  discussion  of  some  rare  A^arieties  of  permanent  al- 
teration of  the  A'isual  fieVls  after  occipital  shots,  instance  among  cases 
of  horizontal  liemiano]na,  A'ertical  hemianopia  Avith  hemianopic  en- 
croachment upon  the  fieMs  usually  uninvolved  and  central  and  para- 
central scotomata,  three  cases  of  annular  scotoma.  In  the  first  case, 
trephined  the  day  of  the  injury,  there  Avas  depressed  fracture  of 
occiput  3x2V2  cm.  in  the  left  inferior  occipital  region  Avith  occipital 
contusiou  and  some  pulping.     No  foreign  body  Avas  shoAvn  by  X-ray. 
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A  closed  aimulai'  seotouia  was  disclosed  having  ii-regular  zigzag  bor- 
ders and  larger  on  the  left  than  on  the  right.  The  fundi  were  nega- 
tive. The  second  case  exhibited  a  complete  annular  scotoma  in  the 
left  eye  and  in  the  right  eye  an  incomplete  paracentral  scotoma  oc- 
cupying the  equatorial  and  paraequatorial  portions  of  the  two  right 
quadrants  with  a  small  scotoma  above.  This  incomplete  ring  cor- 
responded in  situation  to  the  complete  annular  scotoma  of  the  left. 
The  injury  was  a  depressed  fracture  of  the  skull  in  the  parieto-oc- 
cipital  region,  7  cm.  al)ove  the  external  occipital  protuberance  and 
7  cm.  above  and  posterior  to  tlie  mastoid.  The  third  case  presented 
an  incomplete  bilateral  annular  scotoma,  embracing  about  %  of  a 
circle  in  the  lower  half  and  the  left  upper  quadrant  and  of  variable 
.  width.  When  superimposed  the  scotomata  were  not  identical,  but 
were  approximate.  The  fundi  Avere  negative.  The  lesion  was  a  de- 
pressed fracture  3x2  cm.  in  the  right  occipital  region  placed  2i/2  cm. 
from  the  median  Hue  and  3i/)  cm.  above  the  plane  of  the  external 
occipital  protuberance.  The  radiograph  showed  two  small  bone  splin- 
ters lodged  in  the  brain  beneath  the  wound.  In  the  first  and  third 
cases  the  hemianopic  annular  scotomata  must  be  explained  either  by 
a  bilateral  symmetrical  lesion  of  the  optic  radiations,  which  seems 
impossible  here,  or  by  the  destruction  of  commissural  fibers  in  the 
corpus  callosum  which  connect  identical  parts  of  the  visual  centers. 
The  second  case  showed  fundus  changes  and  pigmentation  and  is, 
therefore,  not  free  from  the  possibility  of  injury  or  disease  of  the  op- 
tie  nerve  involving  the  concentric  arches  of  the  optic  nerve  fibers  in 
the  retina.  Lister's  case  of  ring  scotoma  due  to  the  lodgment  of  a 
foreign  body  on  the  optic  papilla  is  reminiscent  in  this  connection. 

Loss  of  color  vision.  Some  of  the  hemianopic  areas  show  an  incom- 
plete loss  or  a  diminution  of  sight,  and  in  others  a  zone  of  diminished 
vision  may  surround  a  patch  of  complete  blindness.  Areas  of  amblyo- 
pia are  very  common  and  in  such  areas  the  state  of  vision  varies  con- 
siderably. If  the  disturbance  is  severe  only  large  white  objects  when 
moving  can  be  recognized,  but  they  appear  "dim  and  misty,"  or 
"dirty  and  grey"  instead  if  white,  and  the  patient  has  no  clear  idea 
of  their  outline  or  size.  AVhen  they  cease  to  move  he  sees  them  no 
longer  and  the}^  disappear.  Smaller  white  objects  may  not  be  visible 
within  this  area  or  in  some  part  of  it ;  in  fact  the  blind  area  generally 
varies  indirectly  in  extent  with  the  size  and  brightness  of  the  object 
hv  which  it  is  mapped  out.    In  such  areas  color  cannot  be  perceived. 

When  the  affection  is  less  intense  white  objects  of  moderate  size  can 
l)e  seen  even  wlien  at  rest,  though  they  appeal-  indistinct  and  greyisli, 
but  small  test  objects  may  disappear  momentarily  from  vision.     The 
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•patient  frequently  states,  too,  that  the  objects  presented  to  him  seem 
smaller  than  they  do  in  normal  parts  of  his  fields.  This  is  not  a 
specific  loss  of  the  appreciation  of  visible  size,  since  the  patient  has 
always  an  idea  of  the  mag-nitude  of  tiie  object,  if  he  can  see  it,  and 
Holmes  has  always  found  that  these  patients  can  distin<j;'uisli  the  rela- 
tive sizes  of  two  test  obje:-ts  presented  in  succession  almost  as  accu- 
rately as  in  homologous  normal  parts.  The  dimness  and  indistinct- 
]iess  of  the  visual  image  causes  them  to  judge  the  object  to  ])e  smaller 
than  it  is;  he  misinterprets  the  defective  pei-ception  as  smallness.  In 
these  cases  color  perception  is  generally  lost,  or  only  relatively  large 
areas  of  red  and  green  can  be  recognized;  but  then  their  tints  are 
usually  pale  and  indefinite. 

Finally,  in  the  mildest  degrees  of  amblyo])ia  even  small  white  ob- 
jects can  be  perceived,  whether  in  motion  or  at  rest,  though  they 
usually  seem  dim ;  and  red  and  green  do  not  appear  in  their  natural 
tones;  a  deep-red  is  often  "yellowish-red,"  and  green  "pale  or  grey- 
ish." 

Holmes  saw  no  case  in  which  color  vision  was  lost  in  portions  of 
the  field  in  which  the  perception  of  white  was  unaffected,  and  knows 
of  no  conclusive  evidence  that  a  purely  isolated  loss  of  color  vision 
ever  results  from  lesions  of  the  mesial  surfaces  of  the  hemispheres 
in  the  region  of  the  visual  sensory  cortex. 

Effect  of  hlind  areas  in  daily  life.  Ordinary  clinical  experience 
teaches  that  a  man  with  homonymous  hemianopia  is  frequently  un- 
aware that  he  has  lost  one-half  his  seeing  field,  and  that  he  learns 
to  appreciate  it  only  hy  experience.  And  the  same  is  true,  as  a  rule, 
in  respect  to  blindness  produced  by  traumatic  cortical  lesions.  A 
man  with  complete  hemianopia  rarely  complains  spontaneously,  when 
he  is  first  examined,  that  he  cannot  see  to  the  one  side,  and  usually 
there  is  no  subjective  blackness  or  mistiness  to  this  side  unless  cen- 
tral vision  be  affected;  this  part  of  visual  space  simply  does  not  exist 
for  him.  This  holds  true  as  well  for  small  patches  of  blindness  to 
one  side  of  the  fixation  point.  A  man  Avith  a  left  paracentral  scotoma 
wliich  extended  to  the  fixation  point  constantly  jolted  into  people 
who  passed  on  his  left  side  in  the  street ;  his  consciousness  seemed  to 
be  so  little  aware  of  his  blindness  that  he  rarely  took  precautions  to 
avoid  accidents  which  might  occur  through  it.  Even  more  striking 
is  the  effect  of  a  small  paracentral  scotoma  limited  to  either  the  up- 
per or  to  the  lower  quadrant.  One  case,  for  instance,  saw  only  the 
feet  or  legs  of  a  person  approaching  on  his  left  side  and  connected 
this  part  with  the  idea  of  a  whole  man  only  by  a  deliberate  act  of 
attention.     Similarly,  in  reading,  he  missed  small  words  and  letters, 
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wliile  anolliei-  cuse  failed  to  iuchide  the  left  side  of  the  fio'ures  in  tlie 
column  he  was  adding,  even  after  long  experience  he  continued  to 
miss  them.  These  patients  fail  to  realize  their  own  blindness ;  the 
space  not  seeing  is  simply  space  that  does  not  exist  for  them,  and 
they  are  no  more  conscious  of  its  absence  than  is  the  normal  person 
of  his  own  blind  spot.  When,  however,  central  vision  is  affected,  so 
that  the  object  on  which  the  eyes  are  directed  cannot  be  seen  dis- 
tinctly, the  patients  generally  complain  of  a  mistiness  of  vision  or  of 
a  blackness  in  front  of  their  eyes  when  the  blindness  is  here  com- 
plete, though  on  careful  questioning  it  is  generally  found  that  this  is 
not  a  positive  sensation  of  blackness  but  a  state  of  not-seeing. 

Positive  visual  phenomena.     Positive  subjective  visual  phenomena 
are  not  uncommon  during  the  first  few  weeks  after  the  infliction  of 
a  wound.     The  most   common   form   is   tlie   appearance   of   flashing 
lights  or  stars,  Avhich  may  be  either  white  or  colored,  in  a  part  of  the 
blind  or  amblyopic  area.    It  is  rarer  that  these  subjective  phenomena 
occur  at  a  later  period.     The  local  epileptiform  seizures  with  which 
one  man  suffered  always  began  with  the  appearance  of  lights  of  all 
colors  on  the  margin  of  an  area  of  peripheral  blindness,  which  grew 
brighter  and  brighter  until  thej'  became  intolerable  as  he  lost  con- 
sciousness;   he    exteriorized    these    centrally-produced    sensations    so 
vividly  tliat  on  one  occasion  he  assaulted  an  orderly  who  stood  be- 
side him  "for  flashing  those  awful  lights  into  my  eyes."     In  another 
case  brilliantly  colored  stars  appeared  on  the  margin  of  a  paracen- 
tral scotoma.     Incidentally  the  occurrence  of  colors  in  these  sensa- 
tions produced  by  discharging  lesions  in  the  calcarine  region  is  an 
argument  that  color  perception  depends  on  this  portion  of  the  brain. 
In  a  second  type  of  these  visual  sensations  of  central  origin,  more 
complex  figures  appear  in  the  blind  area.     These,  which  are  more  or 
less  constant,  and  do  not  move,  are  always  extremely  indefinite;  a 
few  men  complain  that  there  always  seemed  to  be  "a  man  or  some- 
thing" standing  on  their  blind  side,  and  one  man  with  inferior  hori- 
zontal hemianopia  stated  that  when  he  tried  to  read  there  seemed 
to  be  a  white  hen  on  the  lower  part  of  the  left  page  of  the  book. 
But  when  questioned,  these  patients  admitted  that  they  could  never 
recognize  a  shape,  there  was  only  a  "feeling  that  there  was  some- 
thing there,"  something  too  ill-defined  to  describe.     These  indefinite 
forms  appear  only  in  the  early  stages  and  generally  in  blind  areas 
that  are  recovering.     They  are   probably   due  to  the  misinterpreta- 
tion of  feeble  and  indefinite  sensations  excited  in  functionally  de- 
pressed areas  of  the  visual  cortex. 
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Y.    DisI iirhdiircs  of   \'if<ii(il  .L.s\vor/V///o». 

Holmes  saw  during  tlie  war  {Brit.  Jour.  OphtlutL,  1918,  Vol.  ii,  p. 
449)  eight  eases  of  men  with  gunshot  injuries  of  the  brain  who  had 
disturbances  of  visnal  space  perception.  All  presented  more  or  less 
similar  symptoms  and,  as  most  of  them  remained  under  observation 
for  considerable  periods,  their  condition  was  investigated  in  detail 
repeatedly.  Their  disturbance  could  not  be  ascribed  to  blindness  or 
amblyopia,  for  central  vision  Avas  good  in  all  and  though  there  were 
defects  in  the  fields  of  vision  in  several,  these  defects  bore  no  rela- 
tion to  the  symptoms  which  were  identical  in  other  men  in  whom  the 
fields  were  normal.  The  symptoms  were  not  connected  with  paraly- 
sis or  loss  of  sensation  and  there  was  no  serious  degree  of  mental 
deterioration  in  any  of  them.  One  man  only  had  aphasia  of  severe 
degree.  Holmes  (Brit.  Mccl.  Jour.,  Aug.  28,  1919,  p.  230)  summar- 
izes those  disturbances  and  his  conclusions  arising  from  their  study 
as  follows : 

The  most  obvious  symptom  was  the  iiuil)ility  of  the  patients  to 
determine  the  position  in  si)aee  in  i-elation  to  themselves,  of  objects 
which  they  saw  distinctly.  On  holding  an  object  before  a  man  he 
named  it  correctly  and  though  his  eyes  fixed  the  object  accurately 
he  stretched  out  his  arm  in  a  totally  Avrong  direction  when  asked 
to  grasp  the  object.  Another  struck  the  observer's  face  when  asked 
to  point  to  a  pencil  held  two  or  three  feet  from  his  side.  Similarly 
when  asked  to  pick  up  from  a  table  objects  which  they  could  ;see 
and  recognize,  these  men  could  never  bring  their  hands  directly  to 
the  objects,  and  often  made  very  gross  errors  in  direction.  One  in- 
telligent man  described  his  experience  in  eating  from  a  bedtable. 
When  he  tried  to  take  a  piece  of  bread  he  found  his  hand  binder 
the  table  rather  than  above  it,  aiul  on  attempting  to  seize  a  cup  of 
tea  he  found  his  fingers  first  in  the  tea  and  next  on  a  plate  to  one 
side  of  the  cup. 

This  inability  to  recognize  the  positions  of  objects  seen  was  obvious 
whether  they  were  in  central  or  peripheral  vision,  but  in  the  latter 
case  the  errors  Avere  much  greater ;  most  of  the  cases  were  able  to 
localize  fairly  well  though  not  with  normal  accuracy. 

When  sight  alone  was  relied  upon,  however,  they  could  not  localize 
the  positions  of  an  object  in  spa-e  but  when  it  touched  any  part  of 
their  body,  localization  with  the  hands  was  immediate  and  exact,  touch 
furnishing  the  necessary  local  knowledge  Avliich  they  failed  to  obtain 
from  vision  alone.  These  patients  also  accurately  localized  the  direc- 
tions of  sound ;  when  blindfolded  they  pointed  in  the  direction  of  a 
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noise  and  walked  towards  anyone  who  called  them,  as  readily  and 
as  aeeui'ately  as  a  normal  person. 

The  estimation  of  distance  was  most  severely  disturbed.  They  fre- 
quent-y  overreached  or  underreached  objects,  an  example  being  given 
in  the  ease  of  a  man  who  was  asked  to  grasp  a  paper  about  six  yards 
distant  and  who  at  once  extended  his  hand  towards  it  and  continued 
groping  for  it  as  he  neared  the  object  and  even  after  his  hand  had 
passed  it.  They  were  also'unable  to  make  even  approximate  estimates 
of  the  distance  of  objects;  a  tall  chimney  about  500  yards  away 
seemed  "perhaps  twenty  yards"  to  one  man  who  remarked  "Every- 
thing I  see  seems  to  be  the  same  distance  from  me. ' ' 

The  relative  position  of  two  objects  which  were  in  vision  at  the 
same  time  could  not  be  determined  with  any  accuracy  and  especially 
the  relative  distances  from  themselves.  The  men  either  guessed  in- 
discriminately that  one  object  was  nearer  or  confessed  their  inability 
to  decide,  but  when  allowed  to  touch  or  to  walk  to  the  several  ob- 
jects the  solution  was  accurately  made. 

Inability  to  distinguish  the  absolute  and  relative  lengths  and  sizes 
of  objects  was  another  prominent  symptom  of  this  group  of  cerebral 
cripples.  They  could  not  estimate  at  all  accurately  the  length  in 
inches  or  feet  of  a  rod  or  line  unless  they  were  familiar  with  the  ob- 
ject shown ;  they  Avere  always  uncertain  Avhich  of  two  pencils  was 
the  longer  unless  tlie  difference  was  marked,  they  could  not  divide 
a  line  or  find  the  center  of  a  circle  accurately,  and  one  patient  who 
attempted  to  divide  a  loaf  of  bread  in  equal  parts,  apportioned  for 
himself  a  piece  fully  six  times  larger  than  the  piece  given  the  ob- 
server and  failed  to  note  the  inequality  of  the  division  until  he 
touched  the  two  portions  with  his  fingers. 

The  inability  to  localize  objects  in  space  by  vision  alone  was  very 
obvious  when  these  patients  wei-e  alloAved  to  walk  about.  Some  of 
the  men  waMced  repeatedly  into  walls  and  occasionally  with  such 
violence  as  to  hurt  themselves.  They  had  no  idea  of  how  near  they 
were  to  the  walls  although  the  walls  were  clearly  perceived.  They 
experienced  difficulty  in  getting  around  obstacles  which  they  en- 
countered unless  they  used  their  hands,  when  they  felt  their  wa}' 
around  in  the  same  manner  that  a  normal  person  may  do  in  a  dark 
room. 

All  these  patients  had  difficulty  in  learning  their  way  about.  One 
man,  even  after  three  months  in  the  same  ward,  could  not  go  direct- 
ly to  his  bed,  although  he  could  see  and  identify  it,  if  he  had  to  make 
tw^o  or  three  turns  while  on  his  way.  Another  was  tested  day  after 
day  in  an  open  space  divided  by  a  partition  in  which  there  was  a 
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gate,  bill  evon  after  weeks  of  training  lie  eoulcl  rarely  go  straight 
tlirongli  the  gate  to  a  point  beyond  it  with  which  he  was  familiar. 
The  visual  impressions  out  of  which  they  would  normally  construct 
their  ideas  of  space  were  devoid  of  spatial  qualities  and  this  made  it 
impossib'e  for  tlieni  to  obtain  clear  pictures  of  the  topography  of 
even  small  areas.  The  topograjihical  memory  of  ways  and  p'aces 
with  wiiich  tlicy  were  aMjuaiiited  before  tlieir  injury  was  also  severe- 
ly invoh'cd  in  sjiite  of  good  memory  pictures  of  these  situations. 
Though  they  cou'd  describe  what  they  passed  on  the  way  and  even 
the  general  appearance  of  the  streets,  they  retained  no  idea  of  the 
relations  in  space  of  the  separate  objects  or  streets  to  one  another. 

The  inability  to  recognize  the  position  in  regard  to  self  of  objects 
seen  and  the  relative  location  of  several  objects,  as  well  as  to  retain 
a  coi'rect  picture  of  the  spatial  relations  which  is  normally  acquired 
by  sight,  produced  many  other  symptoms.  Four  or  five  similar  coins 
or  matches  placed  irregularly  before  them  could  not  be  counted. 
They  generally  turned  their  eyes  from  one  to  another  and  back  again, 
counting  and  recounting  till  they  became  hopelessly  confused  when 
coins  of  dilTerent  sizes  and  colors  were  used  they  could  distinguish 
those  wliich  had  already  been  included  in  the  tally  and  consequently 
succeeded.     The  coins  were  counted  without  difficulty  when  handled. 

The  same  disturbances  accounted  for  the  difficulty  met  with  in 
I'cading.  Although  they  could  see  the  smallest  type  and  recognize 
the  written  words  they  were  often  luiable  to  read  the  words  of  a  line 
in  their  correct  order  and  their  eyes  jumped  irregularly  from  line 
to  line,  or  even  to  another  paragraph  or  column.  The  most  constant 
difficulty  was  to  find  the  beginning  of  the  next  line  when  they  had 
finished  reading  the  words  of  one.  Writing  was  beset  with  the  same 
difficulties  arising  from  the  same  factors.  None  of  these  cases,  ex- 
cepting a  single  aphasie  ease,  had  a  trace  of  agraphia  but  the  indi- 
vidual Avords  of  the  letters  they  essayed  to  write  Av.ere  placed  so  ir- 
regularly and  the  lines  crossed  so  fi-equently  as  to  render  the  whole 
effect  scarcely  intelligible. 

Recognition  of  movement  was  accurately  investigated  in  but  one 
of  Holmes'  cases  in  Avliich  it  was  found  that  movement  towards  or 
away  from  him  was  not  detected  so  long  as  it  remained  in  the  line 
of  the  visual  axes,  while  the  slightest  lateral  or  vertical  movement 
was  recognized  and  identified  at  once. 

Riddoch  (Brain,  40:15,  Part  1,  1917)  in  an  imj^ortant  paper  con- 
cerned particularly  with  disturbances  of  the  appreciation  of  move- 
ment following  these  occipital  injuries,  introduces  his  theme  with  the 
remark  that  vision,  in  large  part,  is  a  highly  specialized  sensation, 
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.subject  1o  the  laws  common  to  sensations  and  dissociable  into  com- 
lionent  pai'ts,  vision  being  the  product  of  a  synthesis  between  move- 
ment-vision and  object-vision,  with  a  synthetic  product  evinced  in  the 
appreciation  of  form  or  stereoscopic  vision.  Riddoch  concludes  from 
a  series  of  cases  that  in  restricted  visual  fields  from  occipital  injuries 
where  some  recover}-  of  vision  occurs,  light  and  movement  are  the  first 
stimuli  to  be  appreciated,  movement  being  the  first  visual  stimulus 
capable  of  being  recorded  on  a  chart  as  a  field.  JNIovement,  then, 
should  be  given  a  place  among  the  stimuli  which  are  recognized  as 
originating  visual  perceptions.  The  recovery  of  vision  for  movement 
begins  in  the  peripheral  field.  Appreciation  of  movement  and  recog- 
nition of  an  object  are  always  dissociated  in  patients  in  whom  recovery 
of  vision  can  be  demonstrated;  the  field  for  the  former,  which  is  the 
more  primitive  perception,  being  the  larger.  This  dissociation  is  a 
valuable  aid  in  prognosis,  for  when  it  is  absent  after  a  few  months 
have  elapsed  no  recovery  of  vision  occurs. 

Riddoch  finally  considers  that  the  types  of  visual  dissociation  exhib- 
ited by  his  cases  are  analogous  to  the  dissociations  of  general  somatic 
sense  impressions,  described  by  Head  and  his  coworkers  as  occurring 
from  cerebral  injuries. 

Disturbance  of  visual  attention  was  shown  by  all  these  patients. 
Every  object  in  central  vision  seemed  to  absorb  attention  so  that 
images  which  fell  on  the  retinal  periphery  were  often  unobserved; 
attention  was  incajiable  of  noting  two  or  more  visible  objects  at  the 
same  time,  as  when  the  observer's  hands  were  held  on  either  side  of 
the  patien,t's  visual  axes  he  could  instantly  detect  the  movement  of 
either  the  right  or  the  left,  but  failed  to  see  the  simultaneous  move- 
ment of  both.  If  two  pencils  were  on  the  table  at  the  same  time  but 
one  could  be  recognized  at  a  time.  This  affection  of  visual  attention 
showed  itself  also  in  the  lack  of  interest  which  these  men  showed  in 
events  which  were  taking  place  about  them  unless  their  attention  was 
directed  by  sound  or  other  sense  impressions.  In  walking  they  fre- 
quently passed  things  which  would  have  aroused  the  interest  of  normal 
persons  but  which  they  did  not  observe.  This  visual  inattention  was 
not  due  to  blindness  or  to  other  defects  in  the  visual  fields,  as  no 
defects  which  could  explain  it  were  discovered  after  careful  examina- 
tions, and  images  were  frequently  perceived  on  parts  of  the  retina? 
where  similar  images  passed  unnoted  immediately  before  or  after. 
There  was  no  regularity  in  perception.  This  is  a  condition  which 
i-esults  not  infrequently  from  lesions  of  the  parietal  lobes  and  it  may 
be  a  unilateral  or  bilateral  phenomenon.  It  is  commonly  found  apart 
from  disturbances  of  visual  localization  from  which  it  is  entirelv  inde- 
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pendent.  It  plays  a  part  in  some  of  the  syniptouis  already  discussed, 
however,  in  that  if  the  visual  impressions  of  objects  do  not  attract 
attention,  the  patient  fails  to  notice  landmarks  bj'  which  he  could  find 
his  way  later  and  by  which  he  could  construct  a  geographical  picture 
of  his  surroundings.  In  counting  objects  he  is  also  liable  to  miss  some 
of  them  owing  to  1he  fact  that  their  images  fail  to  excite  attention. 
Head  and  Holmes  have  described  an  analogous  disturbance  of  "tactile 
attention"  when  cutaneous  sensibility  is  affected  by  parietal  lesions. 
Though  there  may  be  no  actual  loss  of  sensibilitj'  or  raising  of 
threshold,  only  a  certain  proportion  of  tactile  stimuli  applied  to  the 
skin  is  then  appreciated,  and  this  proportion  bears  no  relation  to 
intensity  of  the  stimulus,  provided  it  remains  purely  tactile. 

Abnormalities  of  ocular  movement  existed  in  all  of  these  cases, 
although  none  of  the  ocular  muscles  were  paralyzed  and  the  pupillary 
reflexes  were  preserved.  The  most  prominent  fault  was  difficulty  in 
fixation  which  arose  as  the  natural  consequence  of  defective  spatial 
localization,  although  as  in  a  few  of  Holmes'  cases  and  in  others  which 
have  been  recorded,  the  subjects  were  unable  to  deviate  their  eyes 
directly  to  points  on  their  own  bodies.  This  symptom  may  be  due 
also  to  disturbance  of  the  central  mechanism  of  the  ocular  movements, 
a  disturbance  on  the  effective  side  which  is  closely  parallel  to  the 
perceptual  affection  on  the  sensory. 

Accommodation  was  similarly  affected ;  when  an  object  at  which 
they  gazed  was  brought  slowly  towards  their  faces  their  eyes  failed 
to  converge,  their  pupils  did  not  contract  and,  as  accommodation  did 
not  occur,  the  object  became  blurred  or  indistinct  when  nearer  than 
about  eight  inches.  This,  also,  was  mainly  due  to  the  spatial  per- 
ceptual disturbances  but,  as  some  of  the  patients  could  not  accommo- 
date on  their  own  fingers  accurately,  an  affection  of  the  central 
mechanism  which  controls  accommodation  must  be  assumed  as  well. 

The  blinking  reflex  was  also  abolished  and  neither  blinking  nor 
withdrawal  of  the  head  followed  a  threatening  gesture  or  the  sudden 
approach  of  an  object.  In  most  of  the  cases  this  was  probably  second- 
ary to  the  loss  of  spatial  perception  but  in  others  the  cerebral  centers 
concerned  in  this  reflex  were  probably  involved. 

The  power  of  recognizing  thickness  and  depth  in  solid  objects 
(stereoscopic  vision)  was  severely  affected  in  but  one  of  Holmes'  cases. 
Everything  appeared  flat  and  bidimensional  to  this  man  who  identified 
familiar  objects  only  by  associating  their  areal  shape  with  previously 
acquired  experiences,  just  as  the  normal  person  interprets  pictures  and 
drawings  as  the  objects  which  they  represent.  He  described  a  man 
who  stood  in  front  of  him  as  flat,  "I  can  only  see  the  front  of  him. 
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I  do  not  notice  that  he  is  thick ;  I  cannot  tell  the  depth  in  anything. ' ' 
A  box  seemed  to  him  a  piece  of  flat  cardboard  regardless  of  the  angle 
at  which  lie  saw  it  and  when  placed  in  his  hands  he  "was  snrprised  to 
discover  tliat  it  was  a  box.  A  glass  tnmbler  appeared  like  a  bit  of 
tlat  glass  which  changed  in  shape  as  it  was  moved  about,  while  a  flight 
of  steps  took  tlie  form  of  a  number  of  straight  lines  on  the  floor.  Noth- 
ing had  tliickness  or  depth  ;  everything  seen  was  flat  and  stereoscopic 
vision  remained  abolished  during  the  three  months  of  observation. 

In  all  the  eight  cases  described  by  Holmes  gunshot  wounds  involved 
the  posterior  and  upper  parts  of  both  parietal  lobes.  Post-mortem 
examinations  made  in  two  cases  {Brit.  Jour.  OphthaL,  Oct.,  1918,  p. 
513)  showed  injury  of  the  lateral  surfaces  in  the  neighborhood  of  the 
angular  and  supramarginal  gyri,  while  the  missiles  passed  through 
the  mesial  surfaces  immediately  dorsal  or  posterior  to  the  splenium  of 
the  corpus  callosum.  Craniometric  measurements  in  the  remaining 
cases  indicated  that  the  same  parts  of  the  brain  were  damaged  in 
them.  As  similar  symptoms  have  been  observed  in  cases  in  which  there 
are  vascular  lesions  limited  to  the  lateral  surfaces  of  the  hemispheres 
in  the  region  of  the  angular  gyri,  Holmes  concludes  that  disturbances 
of  visual  space  perception,  i.  e.,  the  fatalities  of  spatial  orientation, 
appreciation  of  movement,  stereoscopic  vision  and  visual  memor^y,  can 
be  attributed  to  destruction  of  this  portion  of  the  parietal  association 
area  which  links  the  visual  cortex  to  the  rest  of  the  brain.  These 
clinical  observations  accord  with  the  experimental  data  yielded 
Sharpey-Schafer  thirty  years  ago  by  the  removal  of  the  angular  gyri 
in  monkeys. 

The  physiological  factors  on  which  spatial  localization  hy  sight  and 
tridimensional  vision  depend  are  those  of  direct  retinal  stimulation, 
the  proprioceptive  impressions  furnished  by  the  ocular  muscles,  by 
the  muscles  of  the  neck,  to  a  lesser  degree  by  the  muscles  of  the  trunk 
in  general,  and  by  the  otic  labyrinthine  mechanism.  The  loss  of  any 
of  these  factors  may  disturb  the  function  of  localization.  In  the  cases 
Holmes  describes  the  afferents  from  the  labyrinths  and  from  the 
ocular  muscles  were  unimpaired.  No  accurate  record  of  intimate 
ocular  muscle  balance  is  recorded  in  these  cases  nor  is  any  record 
made  of  the  careful  static  measurements  of  postural  alignment  which 
would  accuratelj'  and  wholly  eliminate  either  of  these  as  factors  in 
the  dissociation,  but  as  these  are  minor  factors  as  a  rule  save  in  cases 
of  obvious  postural  deformity,  the  symptoms  may  be  attributed  logi- 
cally to  a  disturbance  of  the  local  sign  functions  of  the  retina,  or  to 
the  failure  of  the  brain  to  associate  and  integrate  these  with  other 
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afferent  impressions.  ]Many  direct  observations  sliovved  that  the  retinal 
local  signs  were  affected. 

Several  other  factors  arc  concerned  in  the  perception  of  distance. 
Binocnlar  vision  nndonbtedly  plays  a  part  and  the  proprioceptive 
impressions  from  the  intrinsic  and  extrinsic  ocnlar  mnseles  that  are 
excited  bv  accommodation  and  convergiencc  contribnte  to  it  when  the 
object  is  near.  Tlie  estimation  of  distance  is  also  aided  by  the  ap- 
parent size  of  known  objects,  by  their  distinction  and  light-intensity 
and  by  the  parallax  tliat  is  obtained  on  movement  of  either  our  heads 
or  the  objects.  There  is  no  evidence  that  any  of  these  separate  factors 
were  disturbed  in  Holmes'  cases.  The  inability  to  estimate  distance 
must  be  ascribed  to  failure  to  correlate  and  associate  the  various  affer- 
ent impressions  on  which  perception  of  the  third  dimensions  may  be 
based,  and  to  assimilate  tluan  with  past  experiences  and  thereby  supply 
to  consciousness  the  data  on  which  a  correct  intellectual  judgment 
may  be  made. 

Loss  of  stereoscopic  vision  might  be  regarded  as  a  natural  conse- 
quence of  inability  to  appreciate  relative  distances  since  it  might  be 
argued  that  this  would  make  it  impossible  to  discriminate  the  depths 
of  the  different  portions  of  a  tridimensional  figure.  But  stereoscopic 
vision  was  affected  in  but  one  of  the  eight  cases  in  which  the  percep- 
tion of  distance  was  seriously  disturbed.  The  appreciation  of  relative 
distance,  different  in  light  and  shade,  the  parallax  and  the  sense  of 
perception  all  undoubtedly  ])lay  a  part  l)ut  it  is  to  the  fusion  of  the 
non-corresponding  images  formed  in  the  two  eyes  and  their  integra- 
tion with  these  other  sensory  data  into  the  single  concept,  that  we 
mainly  owe  the  appreciation  of  depth  in  objects  seen.  There  was  no 
gross  disturbance  of  any  of  these  individual  factors  in  Holmes'  cases 
except  the  appreciation  of  relative  distance,  which  the  intact  faculty 
of  stereoscopic  vision  in  the  other  eases  shows  to  have  been  insufficient. 
The  affection  of  the  sense  of  perception  may  have  contributed,  but  as 
this  faculty  is  of  intellectual  origin  and  acquired  by  training  and 
experience,  avc  are  ultimately  forced  to  regard  loss  of  stereoscopic 
vision,  a^so,  as  the  result  of  a  failure  to  combine  and  associate  the 
different  sensations  on  which  the  appropriate  intellectual  judgments 
can  be  made  rather  than  the  result  of  the  loss  of  any  of  the  physio- 
logical factors  on  which  it  depends. 

Holmes  {Brit.  Jour.  Ophthal,  Sept..  1918,  p.  449,  and  Oct.,  1918, 
p.  506)  gives  the  detailed  clinical  record  of  six  of  the  eight  cases  of 
disturbances  of  visual  orientation  upon  which  the  foregoing  conclu- 
sions are  mainly  Imsed.  Another  case  record  which  also  aids  these 
(•ojiclusions  and  tlirows  much  light  upon  the  functions  and  modes  of 
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llie  cerebral  cortex  and  particularly  of  those  processes  concerned  in 
the  integration  and  association  of  sensations  is  furnished  by  Holmes 
and  Horrax  (Arch,  of  Xcur.  and  Psychiatry,  April,  1,  1919).  Other 
recorded  cases  in  which  gunshot  injuries  produced  the  same  or  similar 
s.ymptoms  are  those  of  Heard  and  Holmes  (Brain,  Lond.  34:102, 
1912)  ;  Inouyc  [Die  Sehstoningen  hei  Schussverletzungen  der  Korti- 
calen  SchspJiiire,  Leipzig,  1909)  and  Riddoek  (Brain,  Lond.  40:15, 
1917). 

For  the  most  eomnion  and  at  times  the  most  distressing  sequel  of 
military  injuries  of  the  head,  "war  lieadache,"  as  well  as  for  the 
treatment  of  localized  or  reflex  phenomena  from  dural  irritation 
similarly  produced,  two  lines  of  treatment  have  recently  been  ad- 
vanced :  After  gunshot  wounds,  fractured  base  and  concussion, 
Eawlings  (Brit.  Med.  Jour.,  April,  19,  1919)  found  that:  1.  The 
more  severe  headaches  are  associated  with  an  intact  skull  or  with 
small  defects.  With  large  deficiencies  headaches  are  less  frec[uent. 
2.  Froiital  and  temporal  injuries  are  more  commonly  accompanied 
by  headache  than  injuries  in  the  parietal,  occipital  and  cerebellar 
regions.  3.  Wounds  near  the  vertex,  in  relation  to  the  superior 
longitudinal  sinus,  are  frequently  associated  with  a  severe  type  of 
headache.  4.  The  presence  of  foreign  bodies  within  the  skull  is  com- 
monly accompanied  by  chronic  headache,  more  especially  when  the 
foreign  body  is  situated  in  relation  to  tlie  ventricles  of  the  brain. 

In  the  great  majority  of  cases  the  headache  dated  from  the  mo- 
ment of  recovery  from  unconsciousness,  either  from  the  injury  itself 
or  .from  the  operation  carried  out  for  the  injury.  The  very  first 
thing  that  the  patient  remembers  is  headache,  at  first  very  severe. 
In  many  cases  special  note  is  made  of  that  point,  and  in  some  cases 
lumbar  puncture  was  carried  out  for  its  relief.  Previous  to  trans- 
ference home  the  ])ains  abate  somewhat,  and  soon  after  arrival  reach 
a  certain  standard.  It  is  on  this  standard  that  Rawling  gages  the 
diminution,  chronicity  or  increase  of  the  pains.  The  severity  of 
the  headache  varies  greatly,  from  mild  and  inconstant  attacks 
tlirough  every  degree  and  grade  of  headache  to  the  most  severe  and 
persistent  pains.  Perhaps  the  most  common  type  is  a  "cyclic"  head- 
ache. In  other  instances  the  pains  show  litth'  variation  in  degree, 
persisting  both  day  and  night  without  intermission;  the  patient  is 
never  free  from  some  degree  of  headache,  varying  from  "dragging," 
"weight,"  "tearing"  sensations  to  a  constant  dull  ache.  Wherever 
the  injury,  these  headaches  tend  to  become  localized  to  the  frontal 
region — behind  the  eyes — perhaps  more  acute  on  the  side  injured. 
Often,  also,  reference  is  made  to  the  temples.     Sometimes  also  there 
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is  a  maximum  "bursting"  pain  over  tlii'  summit  of  the  vertex.  In 
addition  to  the  fact  that  mental  or  bodily  exertion,  noises,  joltings, 
concerts  and  especially  movies,  all  tend  to  start  the  headache  or  add 
to  its  severity,  there  appear  to  be  two  special  times  of  headache  de- 
velopment— in  the  early  mornin<>'  on  awaking,  and  in  the  evening 
between  tea  and  bedtime.  Asso;-iated  symptoms  ai-e  slowing  of  the 
pulse  rate,  with  but  little  raising  of  blood  pressure;  marked  giddi- 
ness; fi-equent  elevation  of  temperature,  night  after  night;  insom- 
nia :  slow  cerebration  ;  tendeuv-y  to  exaggeration  of  all  retlexes ;  nausea 
is  uncommon;  vomiting  is  rare;  fits,  generalijced,  epileptiform  and 
eye  symptoms.  These  headaches  are  dependent  on  some  general  in- 
crease of  intraci"uiial  pressure,  ami  this  in  turn  is  due  in  the  great 
majority  of  cases  to  excess  cei-ebrospinal  fluid   (cerebral  edema). 

Rest,  dietetics,  drugs  and  lumbar  punctui'e  failing  to  give  relief, 
Rawling  urges  the  j^crformance  of  sul)temp()ral  decompression  which 
will  almost  certainly  l)ring  about  relief  or  cure  within  forty-eight 
hours  of  the  opei-ation  without  in  any  way  risking  the  ])atient's  life 
and  well-being.  A  brief  sunnnary  is  given  of  twenty  cases  of  sub- 
temporal decompression  carried  out  for  the  relief  of  headache,  chronic 
and  severe,  the  result  of  gunshot  wound  or  other  injury  of  the  head, 
the  headache  leading  to  total  incjipacitation  and  rendering  the  suf- 
ferer utterly  miserable.  In  tlie  majority  of  cases  the  patient  re- 
quested operative  measures,  all  other  remedies  having  failed. 

Bonnus,  Chartier  and  Rose  (BiiU.  dc  J- Acad,  de  Med.,  March,  27, 
1919)  report  favorable  experiences  from  Roentgen  exposures  in  treat- 
ment of  localized  or  reflex  phenomena  from  irritation  of  the  dura, 
sequels  of  wounds  of  the  skull.  Also  in  motor  or  sensory  Jaeksonian 
epilepsy,  in  the  phenomena  of  reflex  epilepsy,  and  in  certain  cases 
of  spastic  ]iaralysis  from  su])erficial  injury  of  the  brain.  Some 
months  previous  they  published  a  favorable  report  on  Roentgeno- 
therapy in  treatment  of  traunuitic  affections  of  the  spinal  cord  and 
peripheral  nerves.  If  adhesions  are  not  too  extensive  and  too  stout, 
the  Roentgen  exposures  facilitate  their  absorption.  They  also  act 
beneficially  on  cicatrices  left  by  small  hemorrhagic  lesions.  These 
cicatrices  in  the  meninges  or  brain  are  the  cause  of  incessant  irrita- 
tion of  cells  and  motor  fibers,  and  any  tendency  toward  a  return  to 
normal  conditions  is  a  great  gain.  Of  course  the  exposures  are  unable 
to  restore 'destroyed  tissues,  so  the  cases  must  be  selected  with  care. 

71ic  effect  upon  the  eijes  of  lesions  of  the  cervico-dorsed  spine. 
The  influence  of  lesions  of  the  cervico-dorsal  spine  upon  the  eyes  is 
twofold,  first  through  direct  or  indirect  damage  or  irritation  of  the 
cervical   sympathetic  chains  and  pathAvays  which   have  to   do   Avilh 
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sympatlietic  innervation  of  the  iris  and  uvea  in  general  and,  second, 
indirectly,  through  the  postural  defect,  usually  produced  at  once  or 
later  in  severe  lacerations  by  the  secondary  muscular  and  ligamentous 
contractures.  These  achieve  their  ocular  influence  by  modifying  the 
proprioceptive  relations  and  actions  of  the  cervical  muscles,  and  of 
the  extraocular  muscles,  thereby  influencing  the  proprioceptive  impres- 
sions reaching  the  labyrinth  for  co-relation  and  normal  proprioceptive 
function.  Such  a  condition  never  reaches  the  pitch  of  difficulty  of 
spatial  orientation  but  may  cause  confusion  and  dizziness  and  the 
train  of  symptoms  associated  with  ocular  muscle  imbalance. 

Although  spine  and  cord  injuries  have  been  relatively  less  numei"- 
ous  than  brain  and  peripheral  nerve  injuries,  yet  remarkable  ad- 
vances in  organic  neurology  have  resulted  from  a  study  of  war  in- 
juries of  the  spinal  cord.  Among  thes.^  tire  tlie  demolition  of  Bas- 
tain's  theory  that  reflex  functioning  is  abolished  after  transection 
in  the  lower  cervical  or  upper  dorsal  regions;  a  definition  of  the  auto- 
matic bladder  and  rectal  functions  of  the  cord;  of  the  automatic 
cord  reflexivity  as  shown  by  defense  reactions;  the  syndromes  of 
cord  injuries  at  various  levels;  the  production  of  organic  injuries 
and  alterations  in  the  cerebro-spinal  fluid  liy  direct  and  indirect  con- 
cussion; destructive  changes  in  distal  parts  of  the  cord  by  direct 
projectile  injury;  a  better  knoAvledge  of  the  course  of  sensory  fibers 
in  the  coi'd  and  a  clearer  understaiuling  of  the  cause  and  nature  of 
trophic  lesions  occurring   in   spinal    injuries. 

The  ophthalmologist  is  seldom  concerned  in  the  gross  spinal  lesions 
for  although  the  cervical  sympathetic  is  frequently  involved,  the 
picture  is  generally  so  essentially  surgical  and  ncuroV)gical  that  the 
ocular  disturba]ice  is  relatively  inconsequential  nnd  go"s  unre 'og- 
nized. 

Lesions  of  the  cervical  sympathetic  ganglia  and  patlnvays  are  the 
not  uncommon  results  of  projectile  injuries  of  the  lower  cervical 
and  upper  dorsal  regions,  where  crushing  by  a  fractured  transverse 
process  or  sti-angulation  in  an  intervertebral  foi-amen  from  edema 
or  ])achymeningeal  hemorrhage  may  be  the  cause  of  the  disturbance 
as  often  as  is  tlie  direct  injury  by  the  projecti^\  The  eye  is  ahvays 
concerned  to  some  extent  in  the  vasomotor,  secretoiy  and  trophic 
disturbances  wliich  result,  a'thongh  the  syndrome  described  by 
Claude  Bernard  in  1858  and  first  observed  clinically  by  Horner  in 
1861,  is  usually  incomplete,  and  most  often  is  transitory.  In  the 
production  of  injuries  which  involve  the  sympathetic  fibers  several 
factors  enter  which  are  peculiar  to  injuries  of  the  s]-)ine  such  as 
the  facts  that  spinal   traumas  are   pra-tically   always   root   and   cord 
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traumas;  that  recoil  is  so  marked  a  characteristic  of  spinal  injuries 
that  the  bony  lesions  are  a  poor  index  of  the  condition  of  the  sub- 
jacent nervous  structures  or  of  the  root  and  cord  injury;  that,  con- 
sidering the  integrity  of  the  cord  remote  from  the  injury,  patches 
of  necrosis  may  occur  as  far  as  four  or  five  segments  from  the  site 
of  injury,  that  considering  the  integrity  of  the  spinal  roots  as  well 
as  the  final  j)Ostural  defects  the  wide  distribution  of  fractures 
throughout  several  vertebra  and  the  frequent  presence  of  remote 
cracks  and  fissures  due  to  tearing  away  of  bony  processes  by  violent 
ligamentous  action,  must  be  remembered. 

Holmes  {Brit.  Med.  Jour.,  2:769,  815,  855,  1915)  describes  the 
pathology  of  direct  spinal  concussion,  as  apart  from  the  indirect 
concussion  of  aerial  origin  which  has  given  no  reported  ocular  re- 
flections. When  the  cord  is  not  damaged  by  the  fracture  or  the  dis- 
location of  a  vertebra,  a  more  or  less  uniform  swelling  may  be  present 
opposite  the  site  of  impact.  Microscopically  the  vessels  are  engorged 
and  punctiform  hemorrhages  appear  in  the  gray  matter  especially. 
The  most  striking  change  is  edematous  swelling  of  the  most  affected 
segments  with  either  diffuse  or  focal  necrosis  and  softening.  Focal 
softening  also  occur  in  the  gray  matter  but  are  unrelated  to  the 
hemorrhages.  The  distant  lesions  in  cases  of  concussion  are  similar 
to  those  found  in  direct  and  contusion  injuries,  for  scattered  hem- 
orrhages, irregular  foci  of  necrosis,  softening  and  cavity  formation 
and  extensive  parenchymatous  changes  often  extend  over  four  or 
five  segments  in  either  direction.  These  consist  in  the  swelling  of 
fibers,  either  isolated  or  in  groups,  the  disappearance  of  which  leaves 
vacuoles  and  holes  in  the  white  matter,  giving  it  a  sieve-like  appear- 
ance. The  essential  changes  are  primary  disturbances  in  the  vitality 
of  tissue  associated  with  edema  and  small  scattered  hemorrhages. 
Secondary  changes  may  occur  due  to  secondary  progressive  soften- 
ing or  the  development  of  cylindrical  cavities  principally  in  the 
dorsal  columns,  as  is  seen  in  the  distal  lesions  of  direct  injuries.  It 
seems  probable  that  these  changes  originate  from  the  accumulation 
under  pressure  of  the  transuded  fluid  and  degeneration  products 
from  a  small  primary  lesion  which  tracts  upward  or  downward. 
Waves  of  pressure  in  the  cerebro-spinal  fluid  may  produce  physical 
defects  within  the  cord  and  possibly  disturbance  of  its  lymphatic 
circulation,  or  there  may  be  a  difference  between  the  vibratory  mo- 
tion of  cord  and  its  bony  containing  walls,  with  a  resulting  bruise 
of  the  cord.  Holmes  noted  disturbances  of  the  function  of  the  cer- 
vical sympathetic  in  36  cases  of  lesions  of  all  spinal  segments  be- 
tAveen  the  second  cervical  and  second  dorsal  inclusive,  in  the  majority 
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of  wliieli  injury  to  the  .syinpatlietie  fibers  in  the  neck  eoulcl  be  ex- 
cluded. ]\Iio.sis  was  tlie  most  common  and  prominent  symptom  or, 
in  unilateral  lesions,  inequality  of  the  pupils,  the  smaller  being  on 
the  side  of  the  lesion  and  usually  failing  to  dilate  or  dilating  less 
rapidly  and  less  completely  on  shading  the  eyes.  Instillations  of 
adrenalin  wei-e  without  effect  on  the  paralyzed  pupils.  A  narrow- 
ing of  one  or  both  ])alpebral  fissures  and  some  enophthalmos  was 
evident  in  most  of  the  cases  and  ptosis  was  frecj[uent,  especially  with 
lesions  of  the  lower  cervical  and  the  sixth  dorsal  segments.  In  some 
unilateral  lesions  lessened  or  thicker  lachrymal  secretion  was  ob- 
served, a  secretory  inhibition  which  seems  to  parallel  the  inhibition 
of  the  excretion  of  sweat  on  the  affected' side  in  most  of  these  cases. 
Both  the  ocular  and  secretory  disturbances  appear  to  be  more  prom- 
inent and  ijermanent  when  the  spinal  sympathetic  centers  are  dam- 
aged than  when  the  bulbar  efferent  fibers  are  involved,  for  in  the 
latter  case  the  symptoms  usually  subside  quickly. 

Claude  and  Lhermitte  (Bcv.  de  Med.  Paris,  35:535,  1916)  describe 
six  types  of  concussion  injury  of  the  cervical  region  with  any  of 
which  the  Claude  Bernard-Horner  syndrome  may  be  associated : 
(1)  severe  and  persisting  quadriplegic  form;,  (2)  hemiplegic  form; 
(3)  brachial  monoplegic  form;  (4)  brachial  diplegic  form;  (5) 
cerebello-spastic  form  and   (6)    defaced  forms. 

Roussy  and  Cornil  {Her.  Neurol  3-4  March-April,  1918,  p.  233) 
have  observed  two  cases  of  spinal  concussion  from  dislocation  of 
cervical  vertebi-rt'  i-esulting  in  ([uadriplegia  and  the  Bernard-Horner 
symptom  complex.  In  the  first  case  the  sympathetic  disturbance 
persisted  on  the  left  side,  the  lesion  being  la  luxation  of  the  atlas 
on  the  axis  with  fracture  of  the  odontoid  process,  an  accident  for- 
merly considered  fatal  by  lesion  of  the  medulla.  ]n  the  second,  with 
a  backward  dislocation  of  the  4tli  cervical  vertebra,  an  exceptional 
injury,  an  alternating  symi)athetic  syndrome  per^iisted,  affecting 
sometimes  predominantly  the  right  and  sonu^times  the  left  side. 

According  to  Schaller,  in  his  admirable  review'  and  complete 
bibliography  of  spinal  cord  injuries  in  Avarfare  {Arch.  Neur.  and 
Psychiatrtj,  Apr.  1,  1919,  p.  471)  some  believe  that  the  cord  lesions 
of  concussion,  whether  they  be  due  to  direct  spinal  impact  or  to 
actual  lesion  at  a  distance  from  the  spine,  are  identical  in  nature 
and  dift'er  only  in  degree.  Tlic  essential  lesions  ai-e  insular  foyers 
of  necrosis,  acute  i)rinuiry  degeneration  of  myelin,  modifications  in 
the  ependyma  and  degeneration  of  posterior  roots.  The  nu^chanisms 
invoked    in   tlieii-    pr(;(lii('1  ion   are   isclicniia,   lacei-ation   of   nei-\'oiis   tis- 
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sue  and  the  hypertension  and  transmitted  shock  of  the  cerebro- 
spinal fluid. 

Marie  and  Benisty  {Soc.  de  Neurol,  Paris,  28:1300,  1914-1915) 
describe  two  types  of  clinical  syndromes.  In  the  first  the  projectile 
traverses  the  neck  from  side  to  side,  the  wounded  soldier  falling  for- 
ward without  loss  of  consciousness.  At  first  there  is  quadriplegia 
with  involuntary  i^assage  of  urine  and  feces,  receding  after  several 
days  or  weeks  to -a  hemiplegia  and  finally  to  a  brachial  monoplegia, 
The  paralysis  being  particularly  well  marked  in  the  hand  and  fingers. 
The  state  of  the  sphincters  runs  a  variable  course.  There  may  be 
severe  eschars.  There  is  severe  pain  whose  course  parallels  that  of 
the  motor  paralysis.  Definite  signs  of  cord  lesions  are  found  objec- 
tively; Brown-Sequard  paralysis,  frequently  the  syndrome  of  Ber- 
nard-Horner,  exaggeration  of  reflexes,  unilateral  or  bilateral  Babin- 
ski,  ankle  clonus,  incoordination  and  often  a  syringomyelic  disso- 
ciation of  sensibility  opposite  to  the  paralyzed  side.  Definite  signs 
of  cord  involvement  persist  in  these  cases. 

In  the  second  type  the  lateral  wound  in  the  neck  is  associated  Avitli 
complete  loss  of  consciousness  but  with  lack  of  sphincter  involve- 
ment. At  first  flaccid  brachial  monoplegia  exists,  to  which  is  added 
a  later  oncoming  spastic  paresis  and  incordination  of  the  low^er  ex- 
tremity on  the  same  side  and  of  the  opposite  upper  extremity.  At 
this  stage  sensibility-disturbances  of  syringomyelic  type  on  the  side 
opposite  the  lesion  and  disturbances  of  deep  sensibility  on  the  same 
side  are  present.  Exaggerated  reflexes,  clonus,  and  the  sign  of  Babin- 
ski  are  found  in  the  inferior  extremity  involved.  The  cause  is  prob- 
ably si^inal  concussion    (commotion). 

A  residual  Brown-Sequard  paralysis  is  reported  by  Redlich 
(Neurol.  Centralhl.,  34:147,  1915)  in  a  soldier  made  unconscious 
and  immediately  quadrijjlegic  b}'  a  bullet  passing  antero-posteriorly 
through  the  neck  to  the  right  of  the  vertebra  prominens.  The  symp- 
toms which  developed  15  days  later  Avere  riglit-sided  motor  paraly- 
sis, complicated  by  an  inferior  brachial  paralysis  with  sympathetic 
cervical  paralysis  on  the  same  side  and  crossed  sensory  paralysis, 
these  symptoms  localizing  the  lesion  at  Dl  and  D2. 

In  the  nuitter  of  indirect  or  aerial  concussion  of  the  spinal  cord, 
although  anatomic  evidence  is  lacking  to  support  the  contention  that 
organic  alterations  occur  h\  cases  of  aerial  concussion,  many  clinical 
cases  argue  in  its  favor.  Sollicr  and  Chartier  (Paris  Med.,  5:406, 
1915)  state  that  in  the  zone  of  violent  atmospheric  vibration  imme- 
diatel.y  ai-ound  an  exploding  shell,  the  individual  suffers  a  blow  com- 
pared to  that  from  a  solid  object  and  death  usuallj'  results.     In  the 
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second  zoue  there  is  strong  atmospheric  compression  and  in  this  zone 
liemorrhage  of  the  cord  and  its  envelopes  most  frequently  occurs, 
■while  in  the  third  zone  of  decreasing  vibrations  the  resultant  states 
are  comparable  to  those  caused  from  shock  by  lightning  and  elec- 
tricity. Roussy,  in  an  experience  of  81  purely  neurologic  cases  fol- 
lowing explosions,  l)elieves  that  the  symptoms,  save  in  rare  cases, 
are  of  a  functional  nature,  as  the  majority  were  cured  by  pyscho- 
therapy,  and  only  rarely  were  those  actually  wounded  by  explosive 
shells  likewise  affected.  Blood  has  been  found  in  the  cerebrospinal 
fluid  in  such  cases,  however,  and  cases  have  been  reported  by  Babin- 
ski  {Rev.  Neurol,  28:581,  1914-1915)  of  undoubted  hematomyelia 
from  aerial  concussion;  by  Marie  and  Cathelin  {Rev.  Neurol.,  28:777, 
1914-1915)  of  flaccid  paralysis  of  an  extremity;  by  Heitz  {Paris 
Med.,  78,  1915)  who  in  5  cases  of  paraplegia  with  radicular  type  of 
anesthesias,  sphincter  involvement  and  absence  of  hysterical  mani- 
festations, concluded  that  the  symj^toms  were  organic ;  Ravaut 
{Pre.sse  Med.,  23:114,  1915,  and  Bull,  de  I' Acad,  de  Med.,  Paris, 
73:717,  1915)  reported  finding  blood  or  an  increase  in  albumin  in 
the  cerebro-spinal  fluid  in  paraplegia  following  shell  explosions  with- 
out external  wounds.  No  certain  ease  of  ocular  sj^mpathetic  involve- 
ment from  this  particular  source  has  been  reported,  although  a 
case  reported  by  von  Szily  as  a  left-sized  lesion  of  the  sympathetic 
following  concussion  by  a  mine  explosion  ma}"  possibly  be  so  con- 
sidered. 

Early  operative  interference  seems  by  some  to  be  contraindicated 
as  the  prognosis  depends  more  often  upon  the  complications  than 
on  the  actual  spinal  lesion.  Meningo-myelitis  is  rare  as  the  lesions 
are  rapidly  shut  off  above  and  below  by  adhesions.  F\irtlier,  spon- 
taneous recoveries  or  marked  improvement  have  followed  what  seem 
to  be  grave  concussion  paralyses.  Guillan  and  Barre  {Presse  Med., 
Paris,  24:497,  1916)  report  a  mortality  of  80  per  cent,  in  100  cases 
of  spinal  cord  injuries  which  in  their  experience  were  most  often 
due  to  shell  fire.  Most  patients  did  not  survive  3  weeks,  death  being 
due  to  purulent  meningitis,  progressive  cachexia  or  disturbance  of 
the  sympathetic  nervous  system  of  the  digestive  tract,  abdominal 
viscera  or  vascular  glands  mainly.  Pulmonary  complications  and 
ascending  pyelitis  are  further  associated. 

Gray  (II.  M.  W.),  discussing  the  early  treatment  of  gunshot 
wounds  of  the  spinal  cord  {Brit.  Med.  Jour.,  2:44,  1917),  gives  the 
following  indications  for  operation  at  a  casualty  clearing  station : 
1.  In  the  presence  of  incomplete  paralysis  of  motion  or  sensation 
Ik'Iow  the  lesion  especially.     2.  If  the  roentgen  ray  shows  displaced 
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fragments  of  bone  or  the  presence  of  a  piece  of  metal  in  or  near  the 
cord,  X-rays  here  often  being  very  unsatisfactory.  .3.  Wlien  pain, 
due  to  pressure  on  the  nerve  roots,  is  excessive  and  uncontrollable. 
4.  When  the  character  of  llic  \Yound  is  sucli  thnt  sepsis,  although  not 
already  evident,  is  likely  to  develop  imd  cause  rapid  death.  Other 
cases  are  to  be  evacuated  and  their  operative  future  depends  upon 
^•hether  the  surgeon  in  charge  is  conservative  or  radical. 

Reitsch  and  Roper  (Abstr.  KU)t.  M.  f.  Atigh.,  v.  60,  p.  710)  write 
on  unilateral  mydriasis  of  sympathetic  origin  observed  in  wounds 
of  the  spinal  cord,  a  condition  which,  in  its  lesser  grades  is  not  un- 
commonly seen  in  civil  life  as  the  result  of  irritative  cervico-dorsal 
anomalies.  Metzner  and  Wollflin  (Graefe's  Arch.  f.  Ophth.,  Vol. 
91,  p.  167)  discuss  cervical  sympathetic  paralyses  and  Jickelli  {Klin. 
M.  f.  Aiigh.,  Vol.  56,  p.  538)  pictures  a  case  of  unilateral  sympathe- 
tic paralj^sis  caused  by  a  bullet  wound  of  the  neck. 

Roche  {Arch.  cl'OphtaL,  Nov. -Dec,  1916)  analyzes  11  cases  of 
paralysis  of  the  cervical  sympathetic  following  pro,jectile  wounds. 
He  tabulates  the  signs  present  in  these  cases  under  the  heads  of 
miosis,  which  existed  in  every  case;  ptosis,  which  occurred  in  4; 
enophthalmos  in  10;  vasomotor  disturbance  in  6  and  hypotony,  which 
was  not  found  in  any  case.  Not  one  case  presented  the  complete 
syndrome. 

Cantonnet  {Arcli.  d'Ophtal.,  xxxv,  3)  reports  a  case  of  a  soldier 
who  two  months  previously  had  been  injured  by  a  shell,  a  fragment 
of  which  had  penetrated  the  left  mastoid.  The  radiograms  showed  that 
the  fragment  had  split  into  three  pieces,  which  had  lodged  beneath 
the  salient  point  of  the  left  malar  bone.  The  man  presented  the  fol- 
lowing syndrome  of  Claude  Bernard-Horner — left  eye  exophthalmia ; 
narrowing  of  the  palpebral  fissure ;  pupil  contracted,  with  preservation 
of  all  reflexes ;  eye  otherwise  normal.  The  left  cheek  was  in  a  condi- 
tion of  slight  but  marked  atrophy.  It  showed  a  lowering  of  the  local 
temperature,  pallor,  and  slightly  increased  sweating,  when  the  man 
exercised  a  little.  Avellis'  syndrome  was  also  present:  Complete 
hemiplegia  of  the  left  half  of  the  velum  palati ;  paralysis  of  the  left 
vocal  cord.  There  was  also  paralysis  of  the  left  hypoglossus,  the  left 
glosso-pharyngeal,  and  the  spinal  accessory  nerves. 

Cantonnet  believes  that  in  parah'sis  of  the  upper  portion  of  the 
cervical  sympathetic  only  oculo-motor  disturbances,  such  as  ptosis, 
miosis  and  enophthalmos  appear,  while  disturbances  of  the  sweat 
glands  and  of  the  circulation  are  found,  as  well,  in  lesions  of  the  lower 
portion  of  the  sympathetic.     The  point,  however,  is  not  proven  by  his 
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case  and  will  require  the  colleetiou  of  iiuinerous  data  before  accurate 
laws  replace  surmise. 

Von  Szily  {Atlas,  p.  475)  pictures  and  describes  several  cases  of 
sympathetic  lesions  with  ocular  reflections. 

Cassimatis  {Clin.  Ophtal.,  vii,  1,  Abstr.)  describes  the  case  of  a 
soldier  whose  upper  lip  was  perforated  by  a  bullet  which  tore  awa}^ 
a  median  incisor,  coursed  along  the  upper  surface  of  the  tongue,  per- 
forated the  anterior  faucial  pillar  and  emerged  behind  the  ear.  No 
ill  result  occurred  until  about  a  month  later  when  the  eye  was  found 
red,  seemed  smaller  than  its  fellow  and  was  blind.  Several  weeks 
later  the  observer  noted  typical  right-sided  paralysis  of  the  sympa- 
thetic evidenced  by  slight  ptosis  of  the  upper  lid,  redness  of  the  con- 
junctiva and  corresponding  cheek,  and  moderate  miosis.  As  the  fun- 
dus was  without  a  lesion  and  the  reactions  of  the  pupil  were  almost 
normal,  a  diagnosis  of  superadded  hysterical  amaurosis  was  made  and 
confirmed  b.v  a  partial  return  of  vision  to  the  affected  eye. 

It  is  of  interest  to  note  that,  according  to  spinal  localization,  certain 
characteristic  sjanptoms  have  been  observed  in  projectile  injuries  of 
the  region  in  which  the  sympathetic  trunks  may  be  affected  to  the 
point  of  ocular  involvement ;  hyperthermia  in  the  superior  cervical 
cord,  104°  Fahr.  having  been  seen  with  injury  of  C4 ;  at  Dl  and  D2 
marked  and  persistent  increase  in  the  pulse  rate  have  been  noted;  in 
the  mid-dorsal  region,  uncontrollable  vomiting;  and  an  inferior  cer- 
vical syndrome  has  been  described  characterized  by  hypothermia,  slow 
pulse,  lowered  arterial  pressure,  scanty  urine  and  a  general  state  of 
stupor. 

Josue  and  Ileitz  {Archiv.  dcs  Maladies  du  Cocur,  Sept.,  1915)  note 
the  participation  of  the  cervical  sympathetic  in  paralysis  of  the  four 
last  pairs  of  cranial  nerves  on  the  same  side,  the  simultaneous  involve- 
ment of  which  was  first  observed  by  Sicard  and  Pollack  in  1912.  Vil- 
laret  {Presse  Med.,  21,  Nov.  1918,  p.  591)  united  this  last  sjanptomatic 
ensemble  under  the  title  of  the  "nervous  syndrome  of  the  posterior 
parotid  space."  Faure-Beaulieu  {Presse  Med.,  21,  Nov.  1918,  p.  591- 
593)  has  published  an  interesting  study  of  two  such  cases.  d'Oelsnitz 
and  Cornil  {Bull.  Soc.  mcd.  de  Paris,  Jan.  1919)  depict  a  sj^ndrome 
similar  to  those  described  by  the  preceding  authors  but  with  the  addi- 
tional paralysis  of  the  seventh  and  eighth  cranial  nerves  of  the  same 
side,  a  case  not  greatly  dissimilar  to  one  reported  by  Morestin  {Bidl. 
Soc.  dc  Chir.,  Jan.  5,  1916,  p.  145).  In  the  case  of  d'Oelsnitz  and 
Cornil  the  projectile  penetrated  the  right  external  auditory 
meatus,  caused  a  direct  lesion  of  the  right  facial  nerve  at  its 
exit    from    the    stvlo-raastoid    foramen,    damaged    the    internal    ear 
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by  indirect  trauinatism,  penetrated  the  posterior  retro-parotid  space 
and  lodged  in  the  quadrilateral  formed  by  the  junction  of  the 
horizontal  and  ascending  branches  of  the  left  inferior  maxillary.  Here 
it  had  caused  no  vascular  lesion  but  had  damaged  the  four  last  pair  of 
cranial  nerves  as  well  as  the  corresponding  cranial  sympathetic.  The 
eye  signs  were  lagophthalmos,  Bell's  sign  and  tearing  due  to  partial 
eversion  of  the  right  lower  punctum,  enophthalmos,  miosis,  lowered 
tension  in  the  right  eyeball,  diffuse  redness  of  the  right  cheek  and  ear 
and  an  increase  of  local  heat. 

In  view  of  the  possible  relation  of  the  cervical  s^-mpatlietic  to  hetero- 
chromia iridis  and  to  certain  forms  of  glaucoma  it  is  worthy  of  note 
that  no  acute  or  terminal  ocular  involvement  of  this  sort  has,  as  yet, 
been  reported  as  a  sequel  to  these  injuries  of  tlie  sympathetic  in  the 
neck. 

Monbrun  {A)-cli.  <rOplUa].,  May-June,  1916)  reports  six  cases  of  a 
syndrome  which  appeared  several  months  after  a  wound  of  the  eye 
and  orbit  and  in  which  portions  of  the  ocular  stump  remained.  This 
syndrome  consisted  of  severe  pain,  constant,  hemifacial,  hemicranial, 
or  involving  the  entire  head.  The  pains  presented  a  constant  charac- 
teristic, being  accompanied  by  a  sensation  of  heat  which  rose  to  intense 
burning  at  times.  These  painful  sensations  were  accompanied  by 
vasomotor  and  secretory  phenomena,  consisting  of  a  constant  vaso- 
dilation of  the  entire  face  and  ears,  or  onl}-  unilaterally  or  even  more 
limited,  accompanied  by  an  outpouring  of  perspiration  in  the  painful 
and  vasodilated  region.  These  symptoms,  though  constant,  were  sub- 
ject to  crises  of  exaggeration  produced  by  slight  pln-sical  effort  or 
mental  emotion.  There  were  no  trophic  disturbances.  Weir  Mitchell, 
who  studied  traumatism  of  nerves  particularly  during  the  Civil  War, 
coined  the  term  causal gia  for  such  heat  pains.  Based  on  analogous 
phenomena,  observed  in  wounds  of  nerves  in  other  parts  of  the  body, 
Monbrun  ascribes  the  phenomena  to  a  lesion  of  the  sympathetic  fibers 
involved  in  the  affected  area,  although  he  has  not  succeeded  in  relieving 
the  symptoms  by  enucleating  the  stump.  He  suggests  that  his  failure 
may  have  been  due  to  his  not  having  enucleated  the  sympathetic 
ganglion  or  that  the  ascending  sympathetic  neuritis  had  reached  a 
point  beyond  the  apex  of  the  orbit. 

Mougeot  and  Duverger  discuss  the  oculocardiac  reflex  in  wounded 
men.  Of  190  who  had  been  wounded  in  the  eyes  5  developed  brady- 
cardia probably  from  concussion,  which  may  be  produced  by  hjT)er- 
tension  of  the  cerebro-spinal  fluid.  They  believe  that  if  the  reflex 
disappears  after  trepanation  organic  lesions  must  be  assumed,  but  that 
if  it  reappears,  the  disturbances  must  be  functional.    Oppenheim  could 
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find  no  regnlarity  of  the  phenomenon  in  47  men  who  had  sustained 
concussion  of  the  brain  and  in  87  whose  cranial  condition  had  required 
trepanation. 

The  mode  of  production  of  cxophthahmc  goiter  of  war  is  not  yet 
detern'iined  but  whether  this  dramatic  condition  represents  an  endo- 
crine imbalance  primarily  of  psychic  origin,  or  a  local  sympathetic 
disorder  from  the  spinal  malalignment  and  muscular  hypertension  seen 
not  rarely  in  states  of  extreme  fear,  is  not  yet  clear. 

Viewed  from  the  standpoint  of  endocrine  imbalance,  Etienne  and 
Richard  {Bull.  Soc.  Med.  des  Hop.,  Paris,  Dec.  20,  1918)  relate  that 
the  repeated  violent  bombardments  of  Nancy  from  the  big  guns  and 
aeroplanes  enabled  them  to  study  the  effect  on  the  endocrine  glands  of 
emotional  stress.  In  two  women  of  24  and  34,  exophthalmic  goiter 
developed  in  an  acute  form  with  high  blood  pressure.  In  two  other 
young  women  the  blood  pressure  was  below  normal.  They  note  further 
that  in  some  women  menstruation  was  arrested  by  a  bombardment; 
glycosuria  was  brought  on  in  other  cases.  In  one  man  of  36,  symptoms 
of  Addison's  disease  appeared  and  these  were  followed  by  the  symp- 
toms of  exophthalmic  goiter.  These  latter  symptoms  subsided  in 
three  mouths  but  the  Addison  symptoms  persisted  to  a  fatal 
termination  in  about  eighteen  months  from  the  first  signs  of 
trouble.  The  nervous  crises  appeared  first,  in  this  case,  after  the 
destruction  and  bombardment  of  La  Courneuve  at  Paris,  close  to  his 
home.  In  four  days  the  skin  showed  bronzing,  with  patches  on  mucous 
membrane,  rapid  pulse  and  low  blood  pressure.  This  case  corrobates 
the  possibility  of  an  emotional  origin  of  Addison 's  disease,  as  has  been 
demonstrated  for  cases  of  exophthalmic  goiter  under  similar  stress. 
In  two  other  cases  Addison 's  disease  became  superposed  on  preexisting 
exophthalmic  goiter.  Exophthalmic  goiter  of  emotional  origin  may 
thus  develop  under  the  influence  of  suprarenal  hyperfunctioning,  but 
it  can  also  develop  with  suprarenal  hypofunctioning,  and  suprarenal 
trouble  may  also  become  superposed  on  exophthalmic  goiter.  In  two 
cases  of  this  latter  type,  the  bronzing  was  extreme,  but  one  man  was 
still  at  work  ten  years  later,  and  all  the  symptoms  had  subsided  in 
the  other. 

THE   PSYCHONEUROSES    OF   W^AR. 

The  psychogenous  disturbances  and  injuries  incident  to  warfare 
include  the  usual  hysterical  and  neurasthenic  manifestations  seen  in 
civil  experience  and  the  more  characteristic  traumatic  psychoneuroses, 
miscalled  ''shell  shock,"  which  have  been  aptly  called  "peace-time 
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neuroses  with  a  war-time  coloring."  In  no  previous  war  have  such 
a  vast  number  of  men  been  disabled  by  functional  nervous  disease,  the 
factors  leading  to  this  end  being  the  induction  into  military  service 
by  conscription  of  great  numbers  of  men  with  familial  or  personal 
psychic  deficit  phenomena ;  the  unfitness  or  inabilit}'  of  these  men  to 
make  the  necessary  mental  and  enviroinnental  adjustment  to  military 
service  in  camp  and  field;  the  exposure  of  such  subjects  to  the  con- 
tinuous effects  of  high  explosives,  poison  gas,  airplane  attacks,  and 
all  the  other  developments  of  scientific  barbarism,  and  the  terrifying 
effects  of  modern  trench  warfare.  The  large  proportion  of  the  male 
population  of  a  highly  civilized  country  which  possesses  a  neurotic  or 
neuropathic  predisposition  is  shown  by  Salmon's  statement  {Mental 
Hygiene,  Oct.,  1917)  that  mental  and  nervous  functional  diseases  were 
together  responsible,  up  to  1917,  for  not  less  than  1/7  of  all  discharges 
for  disability  from  the  British  Army,  or  1/3,  if  discharges  from 
wounds  are  excluded.  According  to  Cushing,  the  French  compute 
that  25  per  cent,  of  war  disabilities  represent  neurologic  problems. 
Early  in  the  war  it  was  recognized  that  these  diseases  endangered  the 
morale  and  discipline  of  troops  in  a  special  way  and  that  the  best 
manner  of  meeting  the  situation  was  by  rejecting  such  conscripts  or 
enlistments  and  in  dismissing  them  from  the  service  at  once  when 
recognized.  An  exact  psj^chiatric  diagnosis  was  not  necessary  for  the 
determination  of  the  defect  but  if  the  applicant  appeared  to  be  a  social 
or  economic  problem,  it  made  no  difference  whether  this  was  due  to 
tuberculosis,  dementia  precox,  feeble-mindedness,  abnormal  person- 
ality, or  what  not,  so  long  as  the  normal  troops  should  not  be  exposed 
to  the  contagion,  it  being  an  elementary  military  fact  that  herd  instinct, 
like  auger  and  fear,  is  a  factor  of  importance  both  for  good  and  bad 
morale  and  that  this  morale  is  largely  dependent  on  the  instinctive 
suggestibility  of  man. 

The  incidence  of  sucli  great  luimbers  of  cases  of  psychoneuroses  and 
the  mass  study  of  their  cliaracteristics,  promptly  led  to  the  elucidation 
of  their  mechanism  of  production  as  well  as  of  the  means  of  their  cure, 
and  showed  their  outstanding  features  to  be  that  1.  Psychoneuroses, 
particularly  of  the  traumatic  variety,  usually  do  not  occur  save  where 
the  individuals  show  familial  and  personal  evidence  of  neurotic  de- 
fects and  biological  inferiority;  2.  The  majority  of  such  defects  do  not 
become  evident  at  once  after  exposure  to  trauma  but  require  an 
appreciable  period  of  time  for  the  accumulation  of  the  novel  emotive 
sensations  to  the  point  of  their  fixation  and  their  final  external  expres- 
sion in  some  characteristic  form  as  blindness  or  deafness  or  muscular 
spasms;   3.  These   psychoses   seldom   appear  among  the  wounded   or 
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among  i)i'isoiicrs  aiul  great  numbers  ot.'  eases  beeame  niueli  more  easily 
suggestible  for  eure  upon  the  deelaratioii  of  the  armistice ;  4.  Strong 
suggestion,  properly  led  up  to,  and  applied  at  the  earliest  possible 
moment  by  (pialitied  men,  is  both  preventive  and  curative  of  the 
symptoms,  though,  obviously,  it  has  little  or  no  effect  upon  the  under- 
lying psychic  dcticiency. 

Salmon's  comprehensive  essay  (Mil.  Surgcuii,  Dec,  1917)  states  that 
there  is  a  much  higher  rate  of  mental  disease  among  soldiers,  even  in 
peaceful  mobilizations,  than  among  civilians,  and  that  military  life 
has  well  been  called  the  "touchstone  of  insanity,"  a  fact  of  importance 
when  it  is  considered  that  this  occurs  among  the  younger  generations 
of  men  and  at  an  age  less  dependent  upon  organic  cerebral  changes. 
The  discharge  rate  in  the  U.  S.  Army  in  1916  was  three  times  the 
admission  rate  for  these  disorders  in  the  adult  male  population  of 
the  State  of  New  York,  1/10  of  all  discharges  being  for  mental  disease, 
mental  deficiency,  epilepsy  and  the  neuroses. 

In  military  life  the  individual  who,  with  much  assistance,  only 
barely  succeeds  in  making  satisfactory  adjustments  to  civilian  exist- 
ence, is  here  thrown  on  his  own  meager  resources.  All  kinds  of  per- 
sonalities, some  of  them  unable  to  adapt  themselves  to  life  under  the 
best  of  conditions,  must  fit  into  the  one  iron  mould  which  experience 
has  shown  to  be  that  best  fitted  for  the  stern  business  of  war.  The 
logical  result  is  a  heavy  incidence  of  those  varieties  of  mental  ship- 
wreck called  the  psychoses  and  neuroses,  and  the  merciless  disclosure 
of  a  large  number  of  constitutionally  inferior  individuals.  Military 
life  does  not  provide  a  favorable  environment  for  the  constitutionally 
psycliopathic. 

Early  in  the  war  the  unfortunate  term  "shell  shock"  was  applied 
to  any  form  of  nervous  symptoms  developing  after  exposure  to  shell 
fire  that  could  not  be  explained  by  some  obvious  physical  injury  and 
was  stretched  to  include  even  such  well  known  forms  of  mental  disease 
as  general  paresis  and  dementia  precox.  As  Mott  says,  "It  was  a 
natural  conclusion,  at  first,  that  men  who  had  been  exposed  to  the 
unprecedented  stress  of  bombardment  should  suffer  from  commotio 
cerebri.  But  a  great  many  returned  as  suffering  from  shell  shock 
would  have  been  more  appropriately  designated  'shell  shy.'  It  was 
extremely  difficult  to  differentiate  commotional  shock  from  emotional 
shock,  for  both  may  be  attended  by  unconsciousness  and  followed  by 
hysterical  or  neurasthenic  symptoms.  Still  there  was  no  doubt  that 
men  suffered  from  commotional  disturbance  of  the  brain  without  any 
signs  of  injury  on  the  body  and  were  the  subjects  of  organic  changes, 
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due  to  the  forces  generated  by  tJie  detouatiou  of  lii<,di  explosives.  This 
was  proved  by  the  fact  that  the  cerebrospinal  fluid,  withdrawn  by 
lumbar  puncture,  contained  blood  and  came  out  under  pressure.  More- 
over, the  frequency  with  which  rupture  of  the  drum  of  the  ear,  deaf- 
ness, labyrinthine  changes,  and  voltaic  vertigo  occurred  showed  that 
the  explosion  was  sufficient  to  cause  a  commotion  of  the  brain  as  severe 
as  might  be  caused  b}^  a  blow  on  the  head.  Further  proof  was  the  fact 
that  microscopic  hemorrhages  had  been  found  throughout  the  brain  in 
cases  with  no  visible  sign  of  injury  on  the  body.  These  cases  were 
commotional  shock,  as  against  emotional  shock.  On  the  other  hand,  a 
soldier  born  with  or  having  acquired  emotivity  tended  sooner  or  later 
to  develop  one  or  other  form  of  nervous  complaint.  A  shell  burst  near 
him  and  he  saw  the  flash  and  was  blinded  by  it,  and  remained  func- 
tionally blind;  he  heard  an  explosion  and  was  temporarily  deafened 
by  it  and  remained  deaf,  this  being  in  a  sense  a  method  of  defending 
himself  against  unbearable  sights  and  sounds. 

''Cases  might,  of  course,  occur  in  which  both  commotional  and 
emotional  shock  were  present.  Though  a  neuropathic  tendency  greatly 
assisted  the  onset  of  shock,  this  might  occur  in  sound  individuals.  The 
instincts  connected  with  the  emotions  of  fear  and  anger  were  all- 
important,  but  equally  so  was  the  herd  instinct,  and  morale,  good  or 
bad,  in  a  regiment  was  largel}'  dependent  on  the  instinctive  suggesti- 
bility of  man.  A  British  general  was  reported  to  have  said :  '  Ten  per 
cent,  of  a  regiment  will  follow  you  to  the  gates  of  hell ;  10  per  cent, 
will  fall  down  or  run  away ;  and  the  remaining  80  per  cent,  will  follow 
either.'  It  might,  therefore,  be  supposed  that  in  the  10  per  cent,  who 
followed  an^'where,  the  primitive  emotion  of  anger,  with  its  instinctive 
reactions,  was  inborn  and  dominant  in  the  personality,  and  that  to 
fight  was  the  instinctive  reaction  of  self-preservation  in  these  men. 
But,  in  modern  trench  warfare  anger  was  impotent.  The  soldier  could 
neither  fight  nor  run  away.  lie  could  only  crouch  and  hide  himself, 
the  instinctive  attitude  of  the  timid  animal  when  threatened  with 
danger. ' ' 

Among  the  cases  exposed  to  shell-fire  is  a  large  group  in  which,  with 
or  without  damage  to  the  central  nervous  system,  a  damage  of  which 
no  actual  proof  can  be  adduced,  the  symj^toms  are  those  of  the  neuroses 
familiar  in  civil  practice,  colored  in  a  very  distinctive  way  by  the 
precipitating  cause  and  altogether  dominating  the  s^-mptoms  which 
might  possibly  be  referred  to  injury  of  the  central  nervous  system.  It 
is  about  this  group  that  so  much  controversy  exists,  some  holding  them 
to  ])e  "injuries  of  the  central  nervous  system  without  visible  injury," 
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wliile  others  term  them  ' '  traumatic  neuroses. ' '  Again  others  feel  that 
psychogenetic  factors  determine  not  only  the  continuing  neuroses  but 
even  the  initial  unconsciousness  or  special  sense  disturbances  in  these 
cases.  The  final  group  is  one  in  which  tlie  slightest  damage  to  the 
central  nervous  system  from  tlie  direct  elt'ect  of  explosions  is  exceed- 
ingly improbable,  many  of  such  cases  occurring  among  the  non-expedi- 
tionary forces  and  called  by  Farrar  "  anticipator^' "  neuroses.  In  these 
cases  the  symptoms,  course  and  outcome  correspond  with  those  seen 
in  neuroses  in  civil  practice.  Of  the  possible  phj'siological  basis  for 
the  disorders  of  the  last  two  groups  little  if  anything  is  known,  yet 
these  groups  are  by  far  the  largest  and  most  important  and  the  psycho- 
logical factors  in  association  are  not  to  be  ignored.  It  is  known  that 
war  neuroses  occur  in  striking  excess  among  officers,  being  1.6,  while 
the  ratio  of  officers  to  men  among  the  wounded  is  but  1.24.  Also  war 
neuroses  are  rare  among  prisoners  exposed  to  mechanical  shock  and 
equally  rare  among  the  wounded  similarly  exposed.  Severe  war 
injuries  to  the  brain  and  spinal  cord  are  not  accompanied  bj'  symptoms 
similar  to  those  in  shell  shock,  in  which  injuries  of  less  degree  are 
assumed.  The  symptoms  exhibited  in  these  groups  correspond  more 
nearly  to  the  existing  psychological  situation  than  they  could  possibly 
bear  to  the  localization  of  a  neurological  injury.  Thus  a  soldier  who 
baj'onets  an  enemy  in  the  face  devcloj^s  a  hysterical  tic  of  his  own 
facial  muscles.  Hysterical  abdominal  contractures  occur  in  men  who 
bayonet  enemies  in  the  abdomen,  hysterical  blindness  follows  witness- 
ing particularly  horrible  sights,  hysterical  deafness  appears  in  those 
who  have  found  the  cries  of  the  wounded  unbearable  and  men  detailed 
to  burial  parties  develop  hysterical  loss  of  the  sense  of  smell.  The 
psychological  basis  of  all  of  these  neuroses  of  war  (like  that  of  the 
neuroses  in  civil  life)  is  an  elaboration,  with  endless  variations,  of  one 
central  theme — escape  from  an  intolerahle  sitiiation  in  real  life  to  one 
made  tolerahlc  hij  the  neuroses.  Either  a  function  is  lost,  the  absence 
of  which  releases  the  patient  from  the  intolerable  situation,  or  one  is 
lo.st  which  interferes  with  successful  adaptation,  the  function  being 
cither  mental  or  physical.  In  the  case  of  the  severely  wounded  and 
prisoners,  the  war  is  over  for  them,  ^mong  60,000  French  prisoners 
captured  in  the  terrific  fighting  around  Verdun,  ]Morchen  found  but 
eight  cases  of  "shell  shock." 

Often  soldiers  suffering  from  neurotic  symptoms  based  upon  events 
in  their  personal  lives  of  a  non-military  nature  have  been  subjected 
to  intense  emotional  strain  without  rest  or  relief  for  weeks.  In  war 
outward  manifestations  of  this  slowlj-  accumulating  stress  must  be 
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sternly  repressed,  especially-  in  officers.  Unless  the  situation  is  unex- 
pectedly relieved  he  suddenly  presents  all  the  acute  symptoms  of  the 
condition  known  as  "shell  shock,"  Irat  which,  in  fact,  is  usually  the 
climax  of  a  train  of  symptoms  which  have  been  moving  to  this  end  with 
greater  or  less  rapidity.  A  very  striking  feature  of  the  war  neuroses 
is  the  relatively  large  proportion  of  men  of  apj^arcntly  normal  makeup 
and  Mdthout  previous  neuropathic  manifestations  who  develop  them 
under  the  stress  of  war.    Many  of  these  men  are  volunteers. 

There  is  a  distinctive  distribution  of  the  different  types  of  war 
neuroses  with  reference  to  rank.  Among  officers  neurasthenic  symp- 
toms appear,  such  as  great  bodily  and  mental  fatigue,  irritability, 
anxiety  and  vague  but  persistent  fears  not  commonly  associated 
directly  with  the  military  situation.  Cardiovascular  symptoms  are 
frequent  in  these  types.  Less  commonly,  but  appearing  more  fre- 
quently among  officers  than  among  the  enlisted  men,  are  the  com- 
pulsions and  obsessions  which  make  up  the  clinical  i:)icture  of  psy- 
chasthenia. 

Gross  sensory  and  motor  symptoms  of  hysteria  such  as  hysterical 
paralysis  or  tremor  are  much  less  common  among  officers  though 
they  rarely  occur,  and  reversely,  neurasthenic  and  psychasthenic 
symptoms  are  much  less  frequent  among  the  enlisted  men,  among 
whom  mutism,  violent  tremors  and  tics,  contractures,  etc.,  are  more 
frequent. 

In  those  cases  which  have  as  their  starting  point  a  definite  shell 
or  mine  explosion  there  are  often  symptoms  which  suggest  concus- 
sion. Unconsciousness,  dizziness,  deafness,  blindness,  motor  inco- 
ordination and  such  psychical  symptoms  as  amnesia,  confusion  and 
hallucinations  of  hearing  make  u])  the  so-called  "concussion  syn- 
drome." This  phase  occurs  in  action  and  often  it  is  significant  that 
unconsciousness  does  not  come  simultaneously  Avith  the  explosion  but 
when  some  emotional  reaction  occurs,  such  as  the  sight  of  the  man- 
gled bodies  of  his  comrades  around  him. 

Often  an  interval  of  hours  or  days  intervenes  between  the  shock- 
producing  stimulus  and  the  development  of  a  traumatic  psychoneu- 
rosis  such  as  hysteria.  The  French  say  "there  is  no  liysteria  in  the 
firing  line;"  time  must  elapse,  though  it  be  measured  but  by  hours, 
for  subconscious  complexes  to  be  formed— "une  periode  de  medita- 
tion" Is  necessary,  a  subconscious  rumination.  This  mechani.sm  has 
been  demonstrated  in  so  large  a  number  of  cases  as  to  be  common- 
place. 

That  traumatic  neurasthenic  symptoms,  however,  may  immediately 
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succeed  a  shell  explosion  or  a  direct  iujuiy,  such  as  being  buried,  is 
recognized  by  all  who  have  been  working  on  the  neurological  side  of 
the  injuries  of  warfare,  but  a  distinction  must  be  drawn  between 
neurasthenic  manifestations  and  hysterical  manifestations.  Restric- 
tion of  the  visual  fields  and  helicoid  curves,  without  being  in  the 
strict  sense  pathognomonic,  are  characteristic  of  the  latter  condition. 

The  protracted  phase  of  the  war  neuroses  is  closely  associated  with 
continued  hospital  treatment.  Results  which  are  little  short  of  mira- 
cles are  obtained  when  it  is  possible  to  treat  these  men  in  advanced 
stations  but  when  they  are  passed  back  from  hosiDital  to  hospital 
and  exposed  to  misdirected  harshness  and  equally  misdirected  sym- 
pathy they  most  often  acquire  a  train  of  "seeondaiy  symptoms  of 
Avar  neuroses"  and  thereby  add  to  their  initial  neurological  dis- 
ability, of  a  distinctly  removable  type,  such  secondary  effects  as  un- 
favorable habit  reactions,  stereotypy  and  fixation  of  symptoms,  and 
the  self-pity  of  the  confirmed  hysteric,  the  morbid  timidity  and 
anxiety  of  the  neurasthenic  and  the  despair  of  the  hypochondriac. 
Exposed  to  protracted  life  in  hospitals  and  especially  in  convalescent 
homes  inactivity  and  aimless  lounging  weaken  the  will  and  quickly 
permit  the  attitude  of  permanent  invalidism  to  replace  that  of  hope 
and  of  recovery.  The  symptoms  of  the  traumatic  psychoneuroses 
appear  in  widely  separated  fields. 

Psychical  symptoms  include  transitory  delirious  states,  amnesia, 
mental  confusion,  hallucinations  and  "battle  dreams"  of  hallucina- 
tory vividness,  of  fear  and  horror.  Disorders  of  speech  include 
aphasia,  stammering  mutism,  and  aphonia.  Sensor}-  symptoms  are 
anesthesia,  which  is  present  in  nearly  all  cases,  showing  somatic 
signs,  pain  and  hyperesthesia.  Any  of  the  special  senses  may  show 
anomalies.  Blindness,  night-blindness,  deafness  or  hyperacusis  and 
anosmia  are  common.  Disturbances  of  gait,  contractures,  and  local 
or  very  extensive  paralyses  are  especially  frequent.  There  are  feiv 
hysterics  among  the  DiiUtary  cases  in  'who)ii  so))ie  types  of  tremor 
do  not  exist.  Loss  of  motor  control  is  often  startling  and  a  slight 
sound  often  provokes  a  sliarp  reaction  in  i^atients  who  seem  to  be 
well  on  in  convalescence.  Disturbances  of  involuntary  function  in- 
clude tachycardia,   enuresis  and  diarrhea. 

In  the  diagnosis  of  functional  nei-vous  diseases  niiich  weight  sliould 
be  given  to  the  general  attitude  of  the  i)atient,  especially  his  attitude 
toward  his  disability.  His  excessive  interest  in  his  symptoms,  his 
over-suggestibility,  his  self-pity  (which  may,  however,  be  concealed 
under  a  highly  artiticial  assumption  of  inditference)  and  the  precise 
relation  which  his  disorder  bears  to  the  personal  and  militar}-  situa- 
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tion  in  wliicli  it  occurred,  are  very  important.  It  is  desirable  to  re- 
construct tlie  chronological  development  of  the  disease,  for  its  long 
duration  on  the  one  hand  or  its  sudden  onset  on  the  other  will  very 
often  aid  in  positively  excluding  the  existence  of  organic  disease. 
Emotional  disturbances  are  common  in  the  neuroses,  but  emotional 
changes  accompany  organic  nervous  diseases,  especially  multiple 
sclerosis  and  those  in  which  the  central  nervous  system  sustains  gross 
damage  as  in  cerebral  hemorrhage  or  trauma.  Those  seen  in  hys- 
teria are  familiar.  The  presence  of  hysterial  stigmata,  of  which  the 
patient  is  unaware,  especially  hysterical  eye  symptoms  and  anesthe- 
sia will  often  help  as  much  in  diagnosis  as  the  scrutiny  of  specific 
subjective  or  objective  signs.  The  topical  diagnosis  between  hys- 
terical symptoms  and  the  different  organic  nervous  symptoms  covers 
a  M'ide  field  of  clinical  lunirology.  Aphasias  are  always  paradoxical 
and  accompanied  by  other  hysterical  symptoms.  Stammering  comes 
on  suddenly  with  no  history  of  similar  speech  disturbance  in  youth. 
Aphonia  may  be  shown  to  be  functional  by  a  careful  laryngological 
examination.  Visual  symptoms  do  not  correspond  to  anij  organic 
cerebral  lesions  and  the  eye  is  found  to  he  normal  except  for  con- 
traction of  the  visual  fields  especiaUi/  in  the  lielicoid  form  so  char- 
eicteristic  of  hysteria. 

Paralyses  may  resemble  superficially  any  tyi)e  seen  in  organic 
nervous  lesions  but  never  accurately,  as  tlie  distribution  of  local 
paralyses  seems  never,  even  by  accident,  to  correspond  exactly  to 
that  due  to  lesions  of  nerve  roots  or  peripheral  nerves. 

Bonnal  says  "The  liysteric  is  a  nudingerer  who  does  not  lie." 
The  cardinal  ])oint  of  difference  is  that  the  malingerer  simulates 
disease  or  a  sympt(mi  Avhicli  he  has  not  in  order  to  deceive  others, 
lie  does  this  consciously  to  attain  through  fraud  a  specific  selfish 
end,  usually  safety  in  a  hospital  or  discharge  from  the  military 
service.  lie  lies  and  he  knows  that  he  lies.  The  hysteric  deceives 
himself  by  a  mechanism  of  wliicli  he  is  unaware  and  which  is  be- 
yond his  power  consciously  to  control.  He  is  usually  not  aware  of 
the  precise  purpose  which  his  illness  serves.  This  is  shown  by  the 
fact  that,  in  many  cases,  all  that  is  necessary  for  recovery  is  to 
demonstrate  clearly  to  the  patient  tlie  mechanism  by  which  his  dis- 
ability occurred  and  the  end  to  which,  uuconsciously,  it  was  directed. 

The  psychoyciieiie  disturbances  of  the  eyes  whicli  occur  in  the 
various  psychoneuruses  ot"  war  nuiy  be  classed,  according  to  the  divi- 
sion suggested  by  dc  Schweinitz,  into  (1)  tlie  amblyopias  and 
amauroses,  including  the  characteristic  contracted  and  helicoid  fields 
jriid  the  inversion  of  the  color  fields,  tyjies  which  in  civil  experienoe 
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have  been  considered  as  incomplete  and  complete  anesthesias  of  the 
visual  sense;  (2)  asthenopias  and  anomalies  of  accommodation;  (3) 
anomalies  of  the  movements  of  the  iris,  i.  e.,  pupillary  phenomena; 
(4)  anomalies  of  movement  of  the  eyelids  and  extraocular  mus3lep 
and  (5)  cases  which  cannot  l)e  includod  in  any  of  the  foregoinpr 
groups. 

The  disturbances  of  vision  which  appear  may  be  objective  or  sub- 
jective. In  the  former  the  patient  may  see  flashes  of  light  or  spots 
and  clouds  before  his  sight  or  objects  appear  larger  or  smaller  than 
they  should,  owing  to  accommodative  disturbance.  At  times  images 
.  Avhich  arc  usually  suppressed  become  apparent,  as  for  example,  the 
man  may  complain  of  seeing  his  nose,  or  after-images  may  be  of  long 
duration  or  a  host  of  other  purely-  subjective  disturbances  may  be 
complained  of.  In  the  visual  fields  concentric  contraction  for  small 
white  and  colored  test  objects  may  be  demonstrated  but  normal  cen- 
tral vision  be  retained.  Where  the  subject  is  easily  fatigued  a  pro- 
gressive contraction  of  the  field  for  white  and  colored  test  objects 
may  produce  characteristic  helicoid  curves,  in  the  form  of  diminish- 
ing spirals.  In  conjunction  with  contracted  fields  some  reduction 
of  central  vision  may  be  claimed  although,  as  Holden  states  (Arch. 
Ophthal.,  May,  1918,  p.  239)  by  forceful  urging  many  can  be  in- 
duced to  read  the  test  letters  as  far  down  as  their  refractive  condi- 
tion should  permit  them  to  read.  In  others  a  fixed  diminution  of 
central  vision  may  accompany  a  fixed  defect  of  ahnost  any  character 
in  the  fields  of  one  or  both  eyes.  These  defects,  both  of  vision  and  of 
the  visual  fields,  are  likely  to  have  been  suggested  by  the  examiner 
who  first  had  the  patient  in  charge  and  to  have  become  fixed  in  the 
patient's  mind  at  that  time.  In  some  cases  more  or  less  complete 
blindness  is  said  to  exist  in  one  eye  but  this  can  usually  be  unmasked 
by  some  form  of  test  for  malingering.  In  a  certain  few  cases  a  con- 
dition of  apparently  complete  blindness  exists  in  both  eyes.  This 
condition  is  usually  a  defense  reaction  against  something  which  he 
wishes  to  avoid  seeing  or  against  some  task  from  which  blindness 
will  relieve  him.  In  all  these  cases  the  optic  discs  and  fundi  are  nor- 
mal in  appearance  and  the  pupils  usually  react  though  with  some 
sluggishness.  The  functional  nature  of  these  situations  is  betrayed 
usually  by  the  lack  of  cooperation  of  the  patient  in  turning  his  eyes. 
If  directed  to  turn  them  to  the  right,  for  example,  he  apparently 
makes  a  great  effort  to  move  them  in  that  direction  but,  in  reality, 
the  effort  is  applied  to  prevent  the  eyes  from  turning  in  that  direc- 
tion. The  presence  of  corneal  hypesthesia  and  of  other  functional 
data,  his  recent  psychic  experiences  and  liis  obvious  desires  iill  aid 
in  confirming  the  diagnosis. 
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In  the  matter  of  inhibition  of  vision,  apart  from  hysteric  amblyo- 
pia, Hnrst  and  Syms,  writing  in  the  admirable  Seale  Hayne  Neuro- 
logical Studies  (Nov.  1,  1918,  1,  No.  3)  report  that  they  have  never 
seen  patients  with  hysteric  symptoms,  who  spontaneously  complained 
of  disabilities  resulting  from  a  narrow  field  of  vision.  They  have  ex- 
amined numerous  soldiers  suffering  from  various  war  neuroses,  but 
have  never  found  any  retraction  of  their  field  of  vision  until  they 
were  tested  with  the  perimeter.  They  claim  that  the  perimeter  in- 
variably resulted  in  the  suggestion  of  a  narrowed  field.  If  the  exam- 
ination was  continued  after  the  first  field  had  been  marked  out,  a 
spiral  field  was  always  obtained,  identical  with  that  which  has  hith- 
erto been  regarded  as  a  stigma  of  hysteria.  This  has  not  been  found 
oftener  in  hysteric  cases,  simply  because  it  has  not  been  looked  for. 
An  outward  spiral  is  always  obtained  instead  of  an  inward  one,  if 
the  white  disc  of  the  perimeter  is  moved  outwards  instead  of  inwards, 
as  is  commonly  done. 

In  the  course  of  some  investigations  on  "experimental  malinger- 
ing," twenty-seven  individuals,  who  were  pretending  that  they  were 
paralyzed  on  the  right  side  as  a  result  of  a  railway  accident,  were 
asked  whether  they  could  see  as  well  with  the  right  eye  as  with  the 
left.  Seven  replied  that  they  had  noticed  some  impairment  of  vision 
in  the  right  eye.  On  testing  the  field  of  vision  with  the  finger,  no 
narrowing  was  observed,  but  when  tested  with  the  perimeter,  all  of 
the  seven  shoAved  a  narrowing  on  the  right  side,  and  one  had  a  slight 
narrowing  on  the  left. 

Holmes,  Uhthoff  (Munch,  meet.  Wocli.,  Jan.  15,  1918,  p.  80),  de 
Schweinitz,  Wilder  and  others  have  noted  the  complete  abolition  of 
the  color-sense,  apparently  from  traumatic  psychoneurosis. 

The  majority  of  the  functional  visual  disturbances  consist  of  vary- 
ing forms  of  spasm  of  the  voluntary  ocular  muscles,  blepharospasm, 
associated  with  photophobia  and  "burning  eyes"  being  in  the  fore- 
ground, and  taking  the  forms  uf  tonic  or  sphincteric  clonic  contrac- 
tions which  produce  either  a  complete  closure  of  the  lids  or,  in  the 
lesser  degrees,  more  or  less  drooping  of  the  upper  lid.  That  this  is 
spasmodic  and  not  paralytic  is  usually  clearly  shown  by  the  patient's 
resistance  to  forced  raising  of  the  lid.  In  common  with  many  of  the 
forms  of  functional  nervous  visual  disorder  the  spasms  and  photo- 
phobia frequently  arise  from,  or  in  connection  with,  minor  ocular 
traumas,  such  as  relatively  harmless  injuries  from  foreign  bodies  or 
slight  exposure  to  irritant  gas,  the  local  irritation  serving  as  the  focus 
of  the  local,  and  finally  of  the  more  generalized  symptoms.     An  in- 


13898   WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

stance  of  this  sort  is  graphically  depicted  by  von  Szily  (Fig.  377  and 
378,  p.  505,  Atlas  der  Kriegsaugenheilkundc)  showing  orbicularis 
spasm  which  followed  superficial  grenade  injuries  and  the  evidence, 
in  terms  of  facial  expression,  of  the  psychosis  which  was  generated 
from  this  simple  origin.  The  type  and  direction  of  other  muscular 
spasms,  sucli  as  those  of  the  internal  recti  by  which  tonic  convergence 
and  variable  diplopia  are  produced  are  probably  determined  to  a 
considerable  degree  b}^  the  preponderance  of  muscle  action,  or  mus- 
cular imbalance,  which  existed  before  the  injury  although  in  part 
they  may  have  been  guided  to  their  peculiar  localization  by  memory- 
pictures  which  had  been  especially  distressing  in  civil  or  recent  mili- 
tary experience. 

Yealland  (Hysterical  Diseases  of  Warfare,  London,  1918)  discuss- 
ing functional  spasm  of  accommodation,  functional  blepharospasm 
and  functional  amblyopia  divides  hysteric  disorders  clinically,  into 
two  groups:  (1)  Conditions  in  which  contraction  of  antagonists 
could  be  demonstrated;  (2)  those  in  which  this  could  not  be  demon- 
strated. By  contraction  of  an  antagonistic  group  of  muscles  he  means 
the  contraction  of  a  group  which  should  be  relaxed  during  the  per- 
formance of  a  given  movement,  as  illustrated  in  blepharospasm,  ptosis 
and  spasm  of  accommodation. 

With  a  simultaneous  contraction  of  the  orbicularis  and  the  levator, 
for  example,  failure  of  the  sphincter  to  relax  prevents  the  opening 
of  the  eye  and  hence  causes  apparent  loss  of  vision.  The  action  of 
the  antagonists  in  spasm  of  accommodation  could  be  explained  by 
the  assumption  that  the  suspensory  ligament  of  the  lens  performed 
an  opposite  action  to  that  of  the  ciliary  muscle,  the  normal  state  of 
tension  of  the  suspensory  ligament  being  altered  only  by  the  con- 
traction of  the  ciliary  muscle  whereby  the  ligamentous  tension  is  re- 
laxed. The  phenomenon  of  contraction  of  antagonists  cannot  be  dem- 
onstrated in  such  conditions  as  limitation  of  the  visual  fields  and 
amblyopia,  but  in  these  conditions,  contraction  of  antagonists  in  some 
other  part  of  the  body  could  be  observed.  The  treatment  is  one  of 
suggestion  and  should  be  completed  at  one  sitting.  In  Yealland 's 
experience  it  produced  complete  relief  of  the  physical  disability, 
though  much  could  not  bo  hoped  for  in  improvement  of  the  mental 
state. 

Loehlein  (Klin.  M.  /.  Augh.,  56.  p.  541)  describes  a  psychogeuous 
paresis  simulating  a  bilateral  paresis  of  all  of  the  extrinsic  mus- 
cles of  the  eyes.  The  soldier,  who  had  collapsed  ps^-cliically  under 
the  stress  of  battle,  suffered  from  headache,  dizziness,  insomnia,  was 
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impassive  and  timorous  and  had  twitching  of  the  facial  muscles,  but 
understood  what  he  was  about.  Aside  from  the  assumed  complete 
immobility  of  the  eyes  they  were  normal.  The  absence  of  a  true 
paresis  was  shown  with  ease  by  directing  the  patient  to  fix  on  an  ob- 
ject held  in  front  of  him  and  then  rotating  the  head  unexpectedly  to 
the  side,  when  the  eyes  automatically  turned  to  follow  the  stationary 
object.  Considerable  improvement  in  the  volnntai-y  movements  fol- 
lowed this  demonstration  gradually.. 

Weisenburg  {Jour.  A.  M.  A.,  Aug.  23,  1919,  p.  596)  describes  the 
following  case :  A  bo}',  aged  18  years,  with  a  normal  history,  after 
a  particularly  trying  attack  which  lasted  many  days,  and  in  which 
many  of  his  companions  were  killed,  began  to  develop  a  tremor  all 
over  his  body  with  quick  jerking  movements  of  the  head  and  a  con- 
stant dancing  of  the  eyeballs  to  which  his  lieutenant  called  his  at- 
tention. This  Avas  in  April,  1918.  His  tremors  gradually  lessened, 
but  the  movements  of  the  eyeballs  continued.  It  is  interesting  to 
note  that  besides  having  been  gassed  he  had  a  flesh  wound  in  the  left 
leg,  and  a  rifle  bullet  wound  in  one  shoulder.  Examination  did  not 
detect  anything  unusual,  with  the  exception  of  quick  reflexes;  but 
there  Avas  present  a  constant  horizontal  nystagmus,  which  greatly 
increased  under  excitement,  and  almost  disappeared  when  the  patient 
Avas  at  rest  or  Avhen  free  from  exciting  stimuli,  and  was  absent  when 
he  was  asleep.  The  ocular  movements  were  quick  and  of  Avide  range, 
and  Avere  different  from  the  nystagmus  seen  in  multiple  sclerosis  or 
any  other  disease. 

The  reporter  makes  the  pregnant  comment  that  "There  is  no  rea- 
son Avhy  there  should  not  be  a  hysterical  tremor  in  the  eyeballs,  just 
as  Avell  as  in  any  other  part  of  the  body,  but  that  such  a  thing  is 
possible,  is  interesting." 

Other  observers  have  reported  cases  of  coarse  lateral  nystagmus, 
not  aggravated  by  looking  up,  as  in  the  case  of  miners'  nystagmus, 
and  appearing  alone  or  associated  Avith  other  ocular  symptoms. 

That  many  cases  of  defective  vision  Avhidi  ai'e  diagnosed  as  the 
product  of  "shell  shock"  are  in  fact  the  result  of  visual  loss  from 
preexisting  gross  organic  lesions  or  refractive  conditions  made  mani- 
fest through  nervous  shock,  as  occurs  not  rarely  in  civil  experience, 
is  Avell  knoAvn,  and  at  times  so  minute  but  essential  a  cause  of  blind- 
ness as  a  diminutive  lesion  in  the  macula  has  been  overlooked  and 
miscalled  traumatic  amblyopia  of  psychogenetic  origin.  Evans 
(Trans.  Ophfh.  Sor.  V.  K..  1016^  illustrates  this  point  by  the  fol- 
loAving : 
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Analysis  of  50  cases  in  ivhich  failure  of  vision  ivas  ascrihed  to  the 
hursting  of  high  explosive  shells. 

Cause  of  the  visual  defect.                                            Number  of  cases. 

Errors  of  refraction 13 

Corneal  lesions:  nebula;  following  local  injury 5 

"             "      keratitis  or  ei^itlielial  dystrophia 5 

Conjunctivitis    5 

Iridodialysis    1 

Subluxated  lens   1 

Choroidal  rupture   2 

Retina :  hole  at  the  macula 2 

"          (?)  thrombosis  of  the  central  artery 1 

Optic  nerve :  hemorrhage  into  sheath  or  nerve 1 

atrophy    2 

Paralysis  of  the  cervical  sympathetic 1 

Convergent  strabismus    (alternating  concomitant) 1 

Oid-standing  diseases  (tabes,  cataract,  squint) 3 

Normal  eye   1 

Doubtful  cases,  probably  malingering,  but  possibly  hystero- 

neurasthenia    6 

Hurst  and  Ripman  (Seale  Ilayne  Neurological  Studies,  Nov.,  1918) 
write  interestingly  on  the  hysterical  ocular  symptoms  of  photopho- 
bia, blepharospasm,  etc.,  complicating  conjunctivitis  and  particular- 
ly that  form  of  conjunctival  irritation  produced  by  gassing  and  which 
is  often  of  considerable  duration. 

The  prognosis  of  psychogenous  battle  injuries  corresponds  in  gen- 
eral to  that  of  war  hysteria  although  it  must  be  considered  rather  less 
favorable  as  regards  the  final  outcome.  Even  after  a  cure  such  pa- 
tients should  not  be  returned  to  the  front  and  while  some  could  be 
utilized  for  garrison  duty  they  are  best  discharged  as  unfit  for  mil- 
itary service.  The  majority  are  perfectly  competent  to  resume  their 
civilian  duties  though  in  the  few  cases  where  the  emotional  crisis  has 
left  deeper  psychic  scars  and  the  old  civilian  existence  is  obviously 
impossible  a  special  disability  indemnity  is  clearly  indicated,  as  well 
as  continued  psychiatric  oversight  and  care. 

The  treatment  of  the  Avar  neuroses  is  essentially  a  problem  of  psy- 
chological medicine.  In  the  great  majority  of  these  cases  the  com- 
pleteness, promptness  and  durability  of  the  recovery  depend  upon 
the  insight  shown  by  the  medical  officers  under  whose  charge  the 
soldiers  come  and  their  resourcefulness  and  skill  m  applying  treat- 
ment. 
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Tliere  is  one  point  upon  wliii-h  all  experienced  men  are  united, 
namely,  that  the  treatment  must  be  instituted  at  the  earliest  possible 
moment.  Hesitation  and  tentative  steps  spell  disaster.  The  physi- 
cian must  act  promptly,  perhaps  swiftly,  always  with  confidence,  often 
with  emphasis.  This  he  cannot  do  unless  he  knows  he  is  right,  and 
he  cannot  know  he  is  right  unless  he  is  familiar  with  organic  and 
functional  disease  of  the  nervous  system  and  has  made  a  thorough 
examination.  Wrong  treatment  is  worse  than  no  treatment.  The 
mind  of  a  victim  of  recent  ''shell  shock"  is  well  likened  by  Frost 
(Mil.  Surg.,  Apr.,  1919)  to  freshly  mixed  plaster  of  Paris.  The  light- 
est touch  will  make  an  impression  either  for  good  or  ill,  which  in  a 
few  moments  becomes  fixed  and  hardly  is  to  be  changed.  Correct 
treatment  during  this  initial  plastic  stage  effects  cures  which  are 
little  short  of  miracles,  just  as  casual  adverse  suggestions,  or  failures 
of  well-meant  but  ill-advised  treatments  will  crystallize  and  fix  ex- 
isting disabilities  and  add  thereto  many  new  ones.  For  the  same 
reasons,  fresh  cases  should  never  be  sent  far  to  the  rear,  for  this 
course  carries  with  it  the  suggestion  of  a  long  convalescence,  while 
the  retention  of  the  spirit  of  army  discipline  is  an  important  aid. 
As  Salmon  (loc.  cit.)  clearly  points  out  the  worst  possible  place  to 
treat  such  a  case  is  in  his  home  town  where,  in  so  far  as  the  more 
striking  objective  symptoms  are  concerned,  the  sympathetic  commis- 
eration of  friends  and  relatives  creates  a  positive  demand  which  the 
ideogenic  factor  of  the  patient's  illness  continues  to  supply  faith- 
fully. 

Early  in  the  treatment  the  patient  should  be  guarded  against 
chance  suggestions  and  unguarded  diagnoses  and  should  be  made  ab- 
solutely comfortable,  with  narcotics  if  necessary,  until  seen  by  a  qual- 
ified neurologist,  and  whatever  disability  exists  should  be  carefully 
explained  as  an  evanescent  phenomenon,  quite  usual  in  these  cases, 
and  of  no  permanence  or  importance.  The  majority  of  such  cases 
are  radically  cured  within  48  hours  when  treated  with  the  requisite 
promptness  and  intelligence.  Prophylaxis  is,  of  course,  the  ideal 
treatment,  beginning  with  the  segregation  of  men  of  the  "pre-shell- 
shock"  type  and  employing  them  in  situations  where  the  pressure  of 
army  life  is  not  likely  to  rise  beyond  their  critical  points  of  tolerance. 

Roussy,  Boisseau  and  d'Oelsnitz  {Traitement  des  PsijcJioneuroses  de 
Guerre,  Paris,  1918)  divide  their  procedure  into  (1)  preparation; 
(2)  relief  from  the  motor  trouble,  "unhooking,"  "detachment," 
"uncoupling";  (3)  fixation  of  the  result  obtained  and  (4)  training, 
both  medical  and  military.  Of  these  they  think  the  first  the  most 
important  and  its  object  is  to  procure  the  proper  mental  attitude. 
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The  necessity  of  a  correct  diagnosis  is,  of  course,  basic,  but  with  the 
establishment  of  the  diagnosis  of  a  psychoneurosis  during  which  the 
confideuce  of  the  sick  man  is  acquired,  he  is  informed  that  he  is  curable 
and  is  going  to  bo  cured.  The  all-important  preliminary  now  is  the 
creation  of  a  proper  atmosphere.  The  nurse  encourages  the  patient  to 
l)elieve  that  he  will  be  cured  as  soon  as  the  doctor  has  time  to  see  him, 
tales  of  brilliant  successes  in  similar  cases  are  told  him  and  he  is  placed 
in  a  ward  with  men  convalescent  from  similar  trouble.  By  the  follow- 
ing morning  the  patient  is  fully  convinced  that  the  hoped-for  cure 
will  take  place  and  as  the  medical  officer  is  equally  convinced,  the  two 
essentials  for  recovery-  are  present.  Not  until  the  patient  has  reached 
"psychic  maturity"  is  the  next  move  taken,  a  move  for  which  the 
physician  must  also  be  in  good  form,  as  it  involves  a  mental  contest 
betweeii  the  patient  and  physician  from  which  the  latter  must  emerge 
as  victor.  Occasionally  if  the  preparation  has  been  imperfect  the 
struggle  may  last  two  to  four  or  more  hours,  but  the  physician  is  not 
to  desist  until  his  result  is  attained.  Hurst  and  Sj'ms  {Lancet,  Aug.  3, 
1918,  p.  139)  showed  in  their  earlier  experiences  that  recent  eases 
could  generally  be  cured  ciuickly  and  completely  by  a  variety  of 
methods  such  as  simple  persuasion  and  reeducation,  suggestion  with 
the  aid  of  electricity,  by  hypnosis  or  by  waking  suggestion  under  light 
anesthesia,  but  occasionally  cure  was  imperfect  or  incomplete.  Even 
in  hysterical  aphonia  or  mutism,  which  almost  invariably  disappear 
after  a  few  minutes'  treatment,  sometimes  after  having  existed  for 
more  than  a  year,  the  more  serious  speech  defect  was  often  followed 
by  a  stammer  which  might  require  careful  reeducation  for  several 
Aveeks  before  complete  recovery  occurred.  It  is  common  belief  now 
that  complete  recovery  should  be  reached  within  24  hours  after  the 
commencement  of  the  treatment  and  this  must  be  carried  to  a  cure 
in  the  first  session  wherever  possible.  "  If  a  man  with  severe  hysterical 
paraplegia  of  many  months  standing  is  taught  to  walk  in  half  an  hour 
and  treatment  is  then  discontinued  because  of  his  fatigue,  although  his 
gait  is  stiff  and  unsteady,  he  will  probably  not  walk  normally  until  he 
has  undergone  reeducation  for  a  few  weeks.  But  if  the  officer  in 
charge  ignores  not  only  the  patient's  fatigue,  but  his  own,  and  con- 
tinues the  treatment  for  another  hour  or  even  for  two  or  three  hours, 
the  patient  will  end  by  walking  with  a  normal  gait."  In  the  same 
way  mute  or  aphonic  soldiers,  or  those  with  blepharospasm  or  spasm 
of  the  interni  who  partly  recover  from  their  defect,  should  not  be  left 
until  the  cure  is  complete,  or  else  a  complete  recovery  will  be  reached 
only  after  several  weeks  of  daily  lessons.  Simple  persuasion  has  the 
great  advantage  of  making  the  patient  take  an  active  part  in  his  own 
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cure,  lu  the  great  majority  of  iutelligeut  patients  a  clear,  forcible 
explanation  of  the  mechanism  of  their  troubles  and  an  effort  to  effect 
what  Salmon  calls  ''a  thorough  mental  catharsis"  for  the  relief  of  any 
latent  pressure  of  unexpressed  emotion,  accomplishes  a  rapid  cure. 
AVith  unintelligent  patients  quicker,  though  no  more  decided,  results 
may  be  obtained  througli  hypnotism  and  counter-suggestion,  althougli 
here,  as  with  the  intelligent,  the  cure  must  be  followed  up  by  reeduca- 
tion of  will,  thought,  feeling  and  function.  It  seems  incredible  that 
paralysis  and  contracture  of  the  hand  with  ''boxing  glove"  edema  of 
.'{3  months '  duration  could  disappear  in  18  hours,  or  that  coarse  tremors 
of  tlie  head,  facial  tics,  severe  spasm  of  the  lids  and  tonic  ocular  muscle 
spasm  lasting  many  months  could  disappear  in  an  hour  or  two,  but  the 
results  of  all  experienced  neuropsychiatrists  confirm  these  remarkable 
cures  and  bring  to  civil  practice  the  means  of  surcease  from  the 
hitherto  neglected  and  much  misunderstood  traumatic  psychoses  of 
civil  life. 

An  interesting  observation  has  been  made  by  Vischer  {Brit.  Med. 
Jour.,  Apr.  26,  1919,  p.  696)  concerning  the  symptoms  developing 
among  prisoners  interned  for  long  periods.  Careful  observations  of 
prisoners  of  war  in  Switzerland,  lead  Bing  and  Vischer  to  describe  a 
very  characteristic  psychoneurosis  to  which  has  been  given  the  symboli- 
cal title  of  "ps.ychose  due  fil  de  der  barbele,"  in  German  "Stacheld- 
rahtkrankheit"  and  in  English  "barbed  wire  disease."  This  name 
seems  to  have  originated  in  Switzerland,  though  its  exact  origin  cannot 
be  certainly  determined ;  it  has  established  itself  so  thoroughly  that 
already  it  is  to  be  found  in  international  treaties.  The  symptoms  of  a 
neurasthenia  sid  generis  arc  recognizable  in  most  of  those  who  have 
lived  for  more  than  six  months  behind  the  barbed  wire  fencing,  and 
which  in  about  10  per  cent,  of  all  i)risoners  reach  a  high  level  of 
intensity.  The  first  sign  to  appear  is  an  increase  of  irritability.  There 
is  a  great  deal  of  quarreling.  The  power  of  concentration  is  greatly 
diminished.  The  prisoners  complain  with  striking  constancy  that  they 
lose  their  memory  of  people  and  of  places,  in  so  far  as  these  relate  to 
prewar  events.  Among  the  secondary  symptoms  are  insomnia.  Some 
prisoners  complain  of  diminished  vision.  ]\Iany  of  them  grow  very 
suspicious.  All  have  a  marked  tendency  toward  pessimism,  and  see 
every  incident  of  their  daily  life  in  the  gloomiest  light ;  the  worst  cases 
often  go  for  three  or  four  days  without  speaking  a  word,  plunged  in  a 
kind  of  torpor.  Sexual  impotence  is  very  common.  All  these  symp- 
toms, once  they  are  established,  generally  remain  stationary,  and  rarely 
diminish  so  long  as  the  internment  lasts.  Disturbances  of  memory', 
especially  amnesia,  are  very  marked. 
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Ocular  malingering.  Those  who  allege,  counterfeit,  exaggerate, 
create  or  conceal  disease  in  a  military  environment  may  be  classed, 
according  to  Bailey  {Military  Surg.,  March,  1918)  into  two  groups: 
one  containing  those  who  do  so  with  full  knowledge,  intent  and  respon- 
sibility ;  and  a  second  group  of  which  the  members  are  hypochondriacs 
or  constitutionally  inferior  individuals  who  throughout  their  lives 
have  never  been  able  to  meet  disagreeable  situations  without  complaint 
and  ruse,  deceit  and  evasion.  The  first  group,  in  the  past  war  at  least, 
has  been  small.  Few  cases  have  been  brought  to  court  martial,  and  the 
consensus  has  been  that  most  of  the  malingerers  had  something  the 
matter  with  them.  For  example,  the  medical  service  at  Camp  Han- 
cock reports  that  "viewed  from  all  angles,  no  patient  could  be  accused 
of  a  deliberate  attempt  to  deceive." 

The  second  group  contains  the  larger  number.  One  surgeon  ex- 
presses himself  as  convinced  ' '  that  in  almost  all  of  the  cases  in  which 
defects  were  simulated  or  exaggerated,  the  patients  were  actually  de- 
fective either  in  a  lesser  degree,  or  in  a  different  affection,  or  in  both. 
Whether  the  malingering  took  the  form  of  mental  or  nervous  or  physi- 
cal defects  it  was  based  in  almost  every  instance  on  an  actual  unstable 
or  defective  mental  state." 

The  progress  of  medicine  has  altered  the  military  aspect  of  malinger- 
ing. It  has  rendered  the  act  itself  much  more  difficult  of  accomplish- 
ment and  in  this  way  has  decreased  the  numbers  in  group  one.  Group 
two,  on  the  other  hand,  has  been  enlarged,  as  the  increase  in  number 
and  accuracy  of  diagnostic  methods,  and  the  clinical  recognition  of 
glandular  disorders,  bone  diseases,  psj'chopathic  states,  etc.,  formerly 
unrecognized,  has  resulted  in  soldiers  now  being  sent  to  the  hospital 
who  25  years  ago  would  have  been  sent  to  the  guard  house. 

Salmon  states  that  the  distinctive  points  of  difference  between 
hysteria  and  malingering  are:  1.  The  malingerer  is  conscious  of  his 
fraudulent  intent  and,  being  fearful  of  detection,  dreads  examinations, 
which  are  invited  by  the  hysteric.  The  hj^sterie,  in  addition  to  the 
symptoms  of  which  he  complains,  often  presents  objective  symptoms  of 
which  he  is  unaware.  The  malingerer,  unless  of  low  intelligence,  con- 
fines his  complaints  to  the  disease  or  symptom  which  he  has  decided  to 
simulate.  Malingering  may  follow  a  neurosis.  The  gravity  of  ma- 
lingering as  a  military  offense  in  the  field  justifies  the  recommendation 
that  no  case  in  which  the  possibility  of  a  psj'choneurosis  exists  be  dealt 
with  finallj'  until  the  subject  has  been  examined  by  a  neurologist  or  a 
psj^chiatrist.  The  knowledge  of  such  expert  examinations  always  tends 
to  discourage  soldiers  from  this  practice.  Most  men  find  in  their 
ideals,  temperament,  character,  their  interest  in  their  duties,  their 
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regard  for  the  opinion  of  others  or  in  the  reactions  aeqnired  during 
their  training,  resources  sufficient  to  combat  with  relative  ease  the 
urgings  of  the  instinct  of  self-preservation  or  the  desire  to  avoid  dis- 
agreeable tasks. 

Cases  of  malingering  are  by  no  means  always  easy  to  detect,  for 
there  is  no  sharp  division  between  downright  malingering,  mere 
exaggeration,  subconscious  malingering  and  actual  disease.  In  most 
cases  detection  of  the  malingerer  resolves  itself  into  a  battle  of  wits 
between  the  surgeon  and  the  patient. 

Ocular  malingering  may  be  divided,  according  to  the  method  of 
participation  of  the  eye  or  the  type  of  alleged  defect,  into:  1.  Local 
expressions  of  factitious  general  changes;  2.  Provoked  conjunctivitis 
and  3.  Feigned  impairment  of  vision. 

1.  The  most  striking  ocular  evidence  of  a  factitious  general  condition 
is  that  afforded  by  the  ingestion  of  picric  acid  in  order  to  simulate 
jaundice,  a  not  uncommon  subterfuge.  Excesses  of  picric  acid  may 
produce  actual  poisoning  and  ophthalmoplegia,  but  in  the  usual  light 
forms  a  moderate  discoloration  of  the  sclerotics,  the  skin  and  urine  is 
induced.  Chavigny  (Paris  Med.,  Aug.,  19,  1919,  p.  150)  writing  on 
factitious  phlegmons  and  jaundice  evoked  in  order  to  escape  military 
service,  demonstrates  that  picric  acid  dust,  inhaled  in  the  manufacture 
of  munitions,  does  not  pass  into  the  urine  and  that  even  when  used 
as  an  adulterant  to  food,  it  is  never  sufficiently  concentrated  to  appear 
obviously  in  the  urine.  Hence  when  it  is  found  pronounced  in  the 
urine  in  persons  subject  to  military  duty,  this  is  presumptive  evidence 
that  it  was  taken  to  induce  the  jaundice  which  always  follows. 

Sgrosso  (Ann.  di  Ottcd.  e  Clin.  Ocul.,  Vol.  40,  p.  533)  states  that 
Angelueci  has  introduced  picric  acid  as  a  cure  for  provoked  conjunc- 
tivitis with  brilliant  results,  the  deep  tint  of  the  1  per  cent,  aqueous 
solution  probably  aiding  materially  in  the  successes  obtained  in  all 
varieties  of  factitious  conjunctivitis.  Numerous  other  chemical  agents 
and  drugs  have  been  ingested  to  the  end  of  simulating  disease,  and 
among  them  belladonna  and  its  alkaloids  and  aconite  have  been  em- 
ployed in  various  ways  and  with  characteristic  ocular  signs  which  may 
confuse  temporarily  until  the  patient  inevitably  overplays  his  hand 
and  furnishes  the  means  for  his  own  detection, 

2.  Provoked  conjunctivitis  has  been  rather  common  in  the  conti- 
nental armies,  Cirincione  (Policlinico,  June  10,  1917)  finding  2,000 
cases  among  50,000  men  inspected.  The  materials  introduced  into  the 
conjunctival  sacs  in  order  to  excite  inflammation  embrace  all  manner  of 
foreign  bodies  from  dirt,  soap,  castor  oil,  tobacco  fragments  and  to- 
bacco juice,  pepper   and   tartar  from  the   teeth,   to  such  powerful 


1  ;{<)()(;   WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

irritants  us  rhrysarobiii,  jerjiiirity,  eantharides,  ipecac,  podophylliu, 
corrosive  sublimate  and  copper  sulphate.  The  efit'ects  of  some  of  these 
materials  is  purely  luechanical  luit  in  many  cases  in  which  stronger 
and  unusual  irritants  are  used  the  chemical  irritation  may  be  con- 
fusing temporarily;  Suspicion  will  be  aroused  shortly,  however,  hy 
the  facts  that  the  conjunctivitis  is  generally  unilateral ;  that  the  con- 
junctival swelling  and  reaction  are  decidedly  more  violent  than  is  seen 
accompanying  the  usual  mild  bacterial  infections;  that  the  lower  lid 
carries  the  brunt  of  the  inflammation;  that  l)acteria  are  absent  from 
tlte  secretion,  which  is  not  muco-purulent ;  and  that  the  characteristic 
.sources  of  the  inflammation  may  often  be  identified  in  the  sac  and  its 
secretion  or,  as  Rasquin  (Arch.  Med.  Beiges,  April,  1917)  naively 
suggests,  in  the  patient's  pocl^et-book,  watch  case  or  other  personal 
vehicle.  Corneal  complications  are  seldom  met  with  and  the  condition 
usually  subsides  after  the  eye  is  sim]dy  cleansed  and  sealed  hermeti- 
cally with  a  collodion  dressing. 

Parpareone  {Ann.  cli  ()ft<il.  e  Clin.  Oviil.,  Vol.  -tO,  p.  533)  records 
an  instance  of  conjunctivitis,  produced  l)y  nitrate  of  lead,  which  pro- 
duced typical  waxy  elevations  upon  the  palpebral  conjunctiva,  diffi- 
cult to  differentiate  from  some  forms  of  conjunctivitis.  In  the  experi- 
mental conjunctivitis  which  the  observer  produced  in  animals  with  this 
substance  the  superficial  conjunctiva  presented  numerous  points  of 
gre.yish-white  infiltration.  These  gradually  disappeared  after  several 
months,  without  leaving  any  traces  or  permanent  scars. 

Histologic  examination  showed  the  following :  Tumid  infiltration, 
with  necrotic  degeneration  of  the  epithelium  and  tissues  which  pre- 
sented a  total  disorganization  of  the  ti.ssue  protoplasm ;  recent  swelling 
of  the  endothelium  of  the  blood  vessels  which  extended  even  into  the 
smaller  vessels  of  the  same  system ;  the  presence  and  extension  into 
the  chorion  mucosa  of  the  crystals  which  wei-e  identified  as  crystals  of 
nitrate  of  lead. 

Cosse  and  Delord  (Ann.  erOcul.,  cliv,  1)  warn  ophthalmologists  to 
be  on  the  lookout  for  conjunctivitis  provoked  bv  the  introduction  of 
pepper,  tobacco  and  ipecac,  and  they  describe  the  microscopic  appear- 
ance of  these  substances  as  recovered  from  the  conjunctival  sacs. 
Fromaget  and  Harriet  {Ann.  d'Ocul.,  eliii,  9)  .show  that  ipecac  acts 
as  a  chemical  irritant  to  the  conjunctiva  in  the  forms  of  powder,  fluid 
extract  and  2  per  cent,  solution  of  emetine,  symptoms  appearing  in 
from  10  to  20  hours  after  their  introduction,  van  Schevensteen  {Clin. 
Ophtal,  Oct.,  1916)  refers  to  ipecac  conjunctivitis  which  occurs  either 
in  acute  or  chronic  forms,  according  to  the  single  or  repeated  use  of 
tlie  powdered  drug. 
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Sblordoiie  has  foimd  that  the  rieiuiis  seed  is  the  substance  pre- 
ferred by  some  malingerers,  a  small  fragment  being  introduced  into 
the  inferior  fornix.  The  symptoms  produced  are  edema  of  the  eye- 
lids, abundant  purulent  secretion,  swelling  and  thickening  of  the 
palpebral  conjunctiva.  At  some  points  of  the  lower  lid  whitish 
eschars  are  seen.  The  bull)ar  conjunctiva  is  ehemotic,  forming  a  ring 
around  the  cornea,  sprinkled  with  numerous  reddish  points.  In  very 
advanced  stages  the  upper  portion  of  the  conjunctival  sac  partici- 
pates. The  cornea  remains  unaffected.  The  subjective  symptoms  are 
slight. 

Condorelli  Franca viglia  made  experiments  with  the  bean  of  the 
castor-oil  plant.  He  has  been  able  to  produce  a  conjunctivitis  by  the 
use  of  difterent  parts  of  the  bean.  In  his  experiments  he  emploj'ed 
the  whole  bean;  the  bean  freed  of  its  covering  or. skin,  and  collyria 
made  from  pulverized  seeds.  He  came  to  the  conclusion  that  the  bean 
was  a  topical  irritant  to  the  conjunctiva,  producing  a  mucopurulent 
conjunctivitis  which  differed  from  ordinary  conjunctivitis  of  bacterial 
origin  in  its  unequal  distribution.  The  "inferior  palpebral  conjunc- 
tiva and  the  corresponding  portion  of  the  cul-de-sac  are  intensely 
inflamed,  while  the  bulbar  portion  participates  moderately.  In  sev- 
eral cases  there  was  marked  edema.  The  congestion  was  of  a  flesh- 
color,  in  contradistinction  to  the  scarlet-red  of  genuine  conjunctivitis. 
Palpebral  edema,  more  or  less  according  to  the  inflammatory  process, 
was  present.  Induced  conjunctivitis  is  always  monocular.  The  paste 
derived  from  the  skin-freed  bean  excites  a  more  prompt  and  ener- 
getic reaction  than  does  the  whole  bean,  or  the  collyria.  For  speedy 
preparation  it  is  generally  more  convenient  to  use  the  pith,  which 
can  be  easily-  done  by  the  use  of  a  spatula  knife  blade,  and  this  will 
exclude  the  possibility  of  acute  gastroenteritis  by  the  handling  of  the 
castor  oil  beans  and  the  transference  of  the  substance  to  the  mouth. 

In  the  acute  form  the  unilateral  conjunctivitis  is  most  marked  in 
the  turgid  loAver  cul-de-sac.  The  secretion  is  slight,  at  times  form- 
ing a  layer  in  the  form  of  a  membrane  which,  however,  is  obviously 
a  pseudo-membrane.  Tlie  eyelids  cannot  be  opened  spontaneously 
and  the  skin  about  tlie  lids  often  appears  erysipelatous.  In  the 
chronic  forms  the  eharacterisitic  trachoma-like  reaction  produced  in 
the  conjunctiva  by  ipecac,  and  which  has  been  noted  by  several  writers, 
appears.  The  unilateral  type  is  frequent  and  the  lesion  is  confined 
to  the  lower  cul-de-sae.  The  conjunctiva  is  smooth,  with  deep  folds, 
a  characteristic  salmon  tint,  and  the  vascular  tracery  is  lost.  No 
organisms  are  found  in  the  minimal  secretion,  the  trachoma-like  fol- 
licles, which  sometimes  appear  at  the  upper  border  of  the  tarsus,  dis- 
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appear  after  llie  use  of  an  oeelusivc  dressing,  and  ipeeae  may  be  re- 
covered from  the  sac.  Kalt  {Ann.  cVOcaiI.,  cliii,  6)  uses  the  method 
of  rubbing  the  lower  fornix  lightly  with  a  small  swab  of  gun  cotton, 
which  is  first  dried  in  an  incubator  at  50°  and  then  dissolved  in  a 
1 :2  solution  of  alcohol  and  ether.  This  is  allowed  to  evaporate,  a  few 
drops  of  water  are  added  and  a  second  drying  follows.  The  pellicle 
which  remains  is  spread  on  a  slide  with  a  drop  of  water.  Under  the 
microscope  the  ipecac  appears  as  dark  masses  Avhich  turn  blue  on 
adding  Lugol's  solution,  thus  demonstrating  the  presence  of  starch. 

In  consideration  of  feigned  disturbances  of  vision,  the  report  on  this 
subject  issued  from  the  office  of  the  Surgeon  General,  U.  S.  A.  {Mil. 
Surg.,  Apr.,  1918,  Vol.  xlii,  No.  4)  is  followed  in  its  entirety : 

"Malingerers  who  wish  to  avoid  military  service  through  feigning 
impairment  of  vision,  may  be  divided  into  two  classes :  1.  Those  who 
claim  total  loss  of  vision  in  one  eye,  and  2.  those  who  claim  a  partial 
loss  of  vision  in  one  or  both  eyes.  Either  group  may  have  a  normal 
acuity  of  vision,  or  may  exaggerate  a  defect  actually  present. 

' '  In  civil  life,  feigning  blindness  in  both  eyes  is  not  uncommon,  but 
this  is  rarely  met  with  in  military  experience,  probably  for  the  reason 
that  blind  persons  are  well  known  in  their  community. 

"Refusal  to  read  the  test  card  is  a  favorite  method  of  those  who 
feign  or  exaggerate  visual  defects.  Some  of  the  men  in  this  class 
actually  have  defects  that  w'ould  disqualify  them.  Others  have  slight 
refractive  errors,  or  they  have  become  familiar  with  the  methods  of 
testing  with  the  types,  while  some  have  been  coached  to  read  only  a 
certain  amount. 

"Frequently  recruits  wall  give  long  descriptions  of  injuries  to  the 
eyes,  or  of  foreign  bodies  in  them,  and  when  subjected  to  an  ophthalmic 
examination  they  Avill  wdnk  rapidly,  turn  their  heads  from  side  to 
side,  and  bitterly  complain  of  the  pain  caused  by  the  small  light  of 
the  ophthalmoscope,  even  when  held  some  distance  from  the  eye. 
Quite  a  number  deliberately  close  their  eyes,  declaring  they  cannot 
open  them.  Rarely  they  feign  complete  blindness,  but  on  inquiry  it 
will  be  found  that  they  have  been  able  to  follow  an  avocation  and 
that  they  walked  unaided  to  the  place  w^here  the  examinations  were 
held. 

"In  addition  to  feigning  failure  of  vision,  occasional  diseases  of 
the  lids  will  be  claimed,  Avhieh,  upon  investigation  will  prove  to  be 
either  an  irritation  produced  by  placing  an  irritating  substance  in 
the  eye,  or  by  partial  loss  of  vision  through  the  use  of  atropine  or 
other  drug,  Avhich  temporarily  suspends  the  power  of  accommodation. 

"As  a  matter  of  experience,  a  recruit  with  a  serious  inflammatory 
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disease  which  might  jeopardize  his  sight  practically  never  exaggerates 
the  symptoms,  Avhile  the  effects  of  slight  chronic  conditions,  like  scars 
in  the  cornea  or  a  refractive  error,  neither  of  which  would  reduce  the 
vision  beloAv  the  required  standard,  will  be  grossly  exaggerated. 

"]\Ien  with  inactive  trachoma  sometimes  will  call  attention  to  their 
years  of  eye  trouble,  and  describe  the  treatment  they  received  at  well 
known  eye  hospitals,  often  sui)plementing  their  complaints  with 
letters  and  certificates. 

' '  At  Camp  Sherman  malingerers  were  classified  as  follows :  1.  Cases 
of  normal  or  nearly  normal  vision  in  one  eye,  with  total  or  nearly 
total  loss  of  vision  in  the  other.  2.  Cases  that  claimed  defect  of  at 
least  6/30  in  one  eye,  and  6/12  or  better  in  the  other.  3.  Cases  in 
which  each  eye  falls  below^  the  requirements.  4.  Excessive  blepharo- 
spasm or  other  symptoms  that  prevent  the  use  of  their  eyes  for  duty. 

''Detection  and  management.  Tests  are  of  two  types  one,  the 
more  valuable,  which  aims  to  reveal  the  exact  visual  acuity  and  the 
less  important,  which  is  intended  to  impugn  the  honesty  and  credi- 
bility of  the  subject.  The  first  class  of  cases  can  usually  be  detected 
by  the  'trial  frame  test'  (Regulation  Class  B— test  b).  The  second 
class  is  frequently  detected  by  the  mirror  test  (Regulation  Class  B — 
test  a).  The  third  class  is  usually  the  most  difficult  to  handle  because 
it  includes  the  pretender  who  has  studied  the  subject  and  obtained 
from  fellow  soldiers  all  the  information  possible  regarding  the  meth- 
ods of  testing.  He  is  accepted,  however,  in  the  absence  of  objective 
evidence,  and  when  the  use  of  the  retinoscope  reveals  no  refractive 
error  sufficient  to  account  for  the  visual  defects.  Cases  in  class  4 
are  usually  put  in  the  hospital  and  watched." 

Irritated  lids  usually  recover  under  soothing  lotions  while  blepharo- 
spasm yields  to  a  strict  diet,  confinement  in  bed,  unpleasant  internal 
treatment,  use  of  bandages,  or,  in  rare  cases,  preparation  for  opera- 
tion. In  one  unusual  case  a  man  claimed  to  be  unable  to  open  his  eyes 
sufficiently  to  permit  of  examination  because  of  the  pain  produced  b}^ 
the  light.  He  was  ordered  to  wait  luitil  he  Avould  submit  to  operation 
and  after  endeavoring  to  keep  his  eyes  turned  down  for  three  hours, 
his  nerves  broke  and  he  submitted  to  an  ophthalmoscopic  examination 
and  a  visual  test  which  gave  6/6  with  each  eye,  although  he  had 
acknowledged  to  but  6/30  with  the  right  eye  and  light  perception  in 
the  left  at  his  first  examination. 

Lagrange  {Arch.  d'Ophtal.,  xxx,  4)  relates  the  story  of  a  soldier 
who  became  unconscious  after  having  seen  a  comrade  struck  by  a 
bomb,  and  who,  on  waking,  pretended  to  have  become  wholly  blind. 
No   abnormality    was   found   on    examination    but   the   simulation   of 
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blindness  persisted  for  fifteen  months  Avhen  it  was  finallj-  mastered  by 
guaranteeing  a  cure  by  a  serious  operation  upon  the  brain  or,  if  this 
were  refused,  he  was  to  be  reported  as  a  malingerer.  Vision  recov- 
ered after  the  eyes  were  Avashed  under  light  general  anesthesia.  This 
case  might  be  classed  equally  well  among  the  psychoneuroses. 

It  is  impossible  to  formulate  a  set  of  rules  which  will  enable  the 
examiner  to  detect  malingerers  in  a  routine  manner.  He  soon  learns 
to  observe  carefully  the  manner,  attitude  and  general  bearing  of  every 
recruit  presenting  himself  for  examination. 

In  the  use  of  test  cards  it  is  of  the  greatest  advantage  to  have  but 
one  line  exposed  at  a  time  and  the  letters  should  never  be  larger  than 
the  one  required  to  pass  the  candidate ;  or,  if  only  the  regular  card 
is  available,  a  hole  may  be  made  in  a  piece  of  cardboard  sufficient  to 
expose  one  letter  at  a  time.  In  this  Avay  the  recruit  w^ll  be  unable 
to  tell  on  which  line  he  is  reading.  In  using  the  test  card,  particu- 
larly for  illiterates,  it  is  well  to  insist  that  some  answer  be  given,  par- 
ticularly as  to  the  direction  in  Avhich  the  letter  points.  Occasionally 
a  man  will  get  a  Avhole  line  wrong,  through  lack  of  inventiveness  giv- 
ing the  direction  in  each  case  exactly  opposite  to  the  real  direction. 
This  is  very  strong  proof  that  he  sees  correctly.  Similarly,  in  testing 
with  a  coin,  if  heads  are  called  tails,  and  vice  versa,  every  time,  it  is 
just  as  conclusive  proof  that  the  man  sees,  as  if  he  answered  correctl}^ 
each  time. 

]\Iuch  can  be  done  by  suggestion.  Thus  at  first  a  man  will  read  the 
large  letters  but  later,  with  some  sympathetic  encouragement,  will 
claim  to  be  able  to  count  fingers  at  ten  feet.  Still  later  if  asked  to 
look  at  your  hand  he  will  be  uncertain  and  when  told  to  point  at  your 
face  (which  even  a  blind  man  can  do  when  guided  by  the  voice)  he 
will  point  far  to  one  side.  If  then  he  is  told  "That  will  do.  You 
may  go,"  he  will  turn  without  hesitation,  grasp  the  unfamiliar  handle 
and  open  the  door.  While  some  need  a  kind  attitude,  others  need  a 
sharp  command  and  a  stern  manner. 

Since  the  object  in  examining  a  malingerer  is  to  prove  that  he  is 
not  honest  in  his  answers,  careful  testing  at  different  distances  will 
bring  out  discrepancies  in  the  visual  acuity  too  great  to  be  accounted 
for  in  any  other  way  than  by  a  deliberate  attempt  to  mislead  the 
examiner.  This  method  also  helps  one  to  determine  whether  a  man  is 
willing  to  do  his  best.  The  use  of  a  stenopaic  hole  will  greatly  improve 
vision  when  the  defect  is  solely  one  of  refractive  error.  This  device 
is  helpful  as  a  quick  way  to  eliminate  a  large  part  of  the  refractive 
error,  and  if  the  vision  does  not  correspondingly  improve  when  the 
ophthalmoscope  shoAA's   a   refractive   error  and  the   absence   of  other 
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defects,  a  strdug  case  is  at  once  made  against  the  recruit.  It  is  a 
short  way  of  reaching  the  same  results  that  are  obtained  by  determin- 
ing the  refractive  error  by  the  use  of  the  retinoscope,  then  placing 
the  correction  before  the  man's  eyes  and  observing  whether  or  not 
the  improvement  is  commensurate  Avith  the  usual  gain.  Occasionally 
great  interest  will  be  manifested  in  the  records  that  are  being  made, 
and  it  is  not  unusual  to  have  an  applicant  caught  in  the  act  of  read- 
ing a  cai'd  Ayliicii  he  could  not  do  were  his  vision  as  tested  on  the 
distant  card.  In  the  most  illiterate  cases  it  sometimes  becomes  neces- 
sary to  rely  entirely  on  the  ophthalmoscopic  examination.  Only  by  a 
complete  examination  of  the  eyes,  including  ophthalmoscopy,  can  all 
possible  causes  that  might  result  in  such  diminution  of  vision  as 
claimed,  be  eliminated. 

It  is  not  always  easy,  sometimes  impossible,  to  ascertain  the  acute- 
ness  of  vision,  because  of  lack  of  knowledge  on  the  part  of  the  recruit 
to  understand  or  read  letters  or  numerals  correctly. 

In  this  type,  however,  the  efforts  of  the  malingerer  are  manifestly 
crude.  With  some,  it  is  evident  that  they  have  been  coached,  as  they 
insist  that  they  can  see  only  the  top  line  on  the  card,  no  matter  at 
what  distance  it  is  placed.  For  this  type  the  mirror  test  will  offer 
means  of  detection,  as  usually  they  will  read  the  same  line  on  the  card 
in  the  mirror  as  on  the  one  directly  in  front  of  them,  which  is  only 
one-half  the  distance. 

The  "illiterate  card,"  a  sei'ics  of  letter  '"IV's"  pointing  in  different 
directions,  will  soractiuics  so  interest  the  recruit  that  he  loses  control 
of  himself  and  will  tell  in  which  direction  the  letters  point  on  lines 
much  belo\v  the  one  he  refused  to  see  on  the  regular  card. 

At  one  of  the  camps,  objects  approximately  the  size  of  the  letters 
i'C((uired  to  be  rt^ad  at  different  distances  have  been  used  to  advantage. 
The  examiner  walks  20  feet  away  from  the  patient,  after  having  ad- 
justed a  trial  fi-ame  before  the  eyes  containing  a  plus  6  spherical  lens 
before  the  seeing  eye,  and  a  plain  glass  before  the  "blind"'  eye.  AVhen 
20  feet  away  the  examiner  will  take  a  cigarette  out  of  his  pocket  and 
ask,  "Do  you  see  these?"'  The  answer  frequently  is,  "I  do"  or  "T 
do  not  smoke  cigarettes.""  This  test  is  given  the  value  of  about  6/30. 
Holding  a  lead  pencil  in  one  hand  and  a  fountain  pen  in  the  other,  ex- 
posing about  one  inch  of  each,  he  is  asked,  "Which  do  you  prefer  to 
write  with?"  The  answer  almost  invariably  is,  "The  lead  pencil." 
This  is  equivalent  to  about  6/12.  Holding  a  match  in  one  hand,  and 
asking,  "Have  you  one.'  I  haven't  any  more."  The  answer  will 
be,  "1  have"  or  "I  have  no  matches."     This  is  recorded  as  20/20. 

At  another  camp  the  examiner  di-ove  very  small  nails  into  the  wall 


13912  WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

about  6  feet  from  tlie  floor,  and  when  the  recruits  entered,  they  were 
asked  to  hang  their  hats  on  the  nails,  which  could  not  have  been  seen 
if  their  vision  had  not  been  better  than  6/30. 

Another  device  to  be  used  for  the  illiterates,  is  to  have  some  small 
broken  lines  on  the  floor  which  correspond  to  the  size  of  the  letters 
required  for  6/30  vision.  A  man  is  asked  to  toe  the  line,  and  if  he 
sees  enough  to  do  so  correctly,  he  is  caught  malingering  at  his  first 
test. 

While  it  is  true  that  there  is  usually  a  peculiar  attitude  of  malin- 
gerers which  can  be  easily  detected,  great  care  should  be  exercised  lest 
a  serious  error  should  be  made  and  the  recruit  be  done  a  great  in- 
justice. The  mental  attitude  of  one  being  drafted  into  the  army  is 
frequently  such  as  to  give  him  a  hesitating  and  embarrassed  manner 
which  may  appear  assumed,  and  the  applicant  with  a  real  defect 
that  would  disqualify  him,  is  suspected  of  malingering.  One  should 
never  be  adjudged  a  malingerer  until,  by  thorough  examination,  all 
possible  causes  that  might  produce  the  symptoms  feigned  have  been 
eliminated. 

In  classifying  malingerers,  it  is  imj^ortant  to  so  define  malingering 
that  there  can  be  no  misunderstanding.  It  is  one  thing  to  include  all 
those  who  feign  any  loss  of  vision,  even  though  it  is  not  below  the 
required  amount  for  exemption,  and  quite  another  matter  to  include 
only  those  who  feign  a  loss  of  vision  below  the  required  visual  stand- 
ard for  service.  In  the  first  instance,  the  total  number  of  malingerers 
in  a  given  number  of  examinations  would  be  included,  while  in  the 
latter  case,  only  those  whose  vision  is  so  low  as  to  cause  exemption 
would  be  included.  In  making  reports  the  classification  should  be 
made  distinct. 

Cases  of  malingering  are  occasionally  met  with  in  which  the  man 
claims  that  he  sees  double.  These  must  be  investigated  with  the  ap- 
plication of  the  ordinary  tests  as  if  they  were  genuine,  with  every  pre- 
caution taken  to  guard  against  a  serious  lesion  being  overlooked.  Ter- 
rien  (Paris  Med.,  Vol.  8,  p.  462)  suggests  to  unmask  pretended  dip- 
lopia, the  use  of  tv/o  colored  glasses  one  of  which  is  transparent  and 
the  other  ground,  or  opaque.  The  person  tested  having  been  allowed 
to  read  through  the  former  glass  with  both  eyes  open,  the  latter  is  then 
substituted  before  the  good  eye.  Trantas  to  detect  simulation  of  mo- 
nocular blindness  brings  black  shades  gradually  before  both  pupils. 
This  causes  a  black  vertical  band  to  appear  in  the  field  with  a  diffusion 
border  at  each  edge  if  vision  is  binocular. 

Pichler  recommends  taking  of  the  visual  field  as  a  means  of  de- 
tecting simulation :    and   reports   several   cases,   in   one  of  which   the 
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field  for  white  was  smaller  than  the  field  for  blue.  In  others  the  fields 
showed  a  spiral  narrowing  of  the  sort  described  and  depicted  by 
Hurst  and  Syms  (Brit.  Jour.  Ophthal.,  Jan.,  1919,  p.  17).  Testing 
of  the  fields  can  at  least  be  made  to  prove  the  unreliability  of  the 
patient's  answers;  and  where  impairment  of  the  field  does  not  cor- 
respond to  any  organic  condition  it  should  always  be  a  subject  for  sus- 
picion. In  discussing  the  paper  of  Alger,  Snell  told  of  a  man  who 
had  a  normal  visual  field  in  his  good  eye,  but  claimed  inability  to  see 
the  test  object  until  it  was  brought  to  the  middle  line,  when  the  alleged 
blind  eye  was  also  left  open. 

Central  scotoma,  as  Klauber  points  out,  is  not  commonly  understood 
by  the  laity,  so  that  its  simulation  is  rare.  He  has,  however,  met  with 
three  cases,  one  h.ysteric  and  readily  cured  by  electricity;  the  other 
two  in  intelligent  soldiers,  one  of  whom  had  some  lowering  of  central 
vision.  In  this  case  it  was  demonstrated  by  use  of  a  prism  of  10  de- 
grees, base  out,  which  would  induce  the  turning  in  of  the  eye  for 
central  fixation.    Stereoscopic  tests  may  also  be  used  for  the  purpose. 

ASPHYXIATING,    LACHRYMATORY    AND    VESICANT    GASES    IN    WARFARE. 

Of  all  the  hideously  inhuman  cruelties  introduced  or  reintroduced 
into  warfare  by  Germanic  scientific  barbarism,  probably  none  surpasses 
the  use  and  effect  of  asphyxiant,  lachrymatory  and  vesicant  gases  as 
weapons.  The  elation  of  the  Germanic  world  at  the  evil  success  of 
their  first  surprise  attack  with  this  arm  in  the  form  of  chlorin  gas  in 
April,  1915,  was  matched  only  by  the  horror  the  employment  of  this 
outlawed  weapon  provoked  throughout  the  rest  of  the  world,  a  horror 
which  speedily  gave  place  to  bitter  universal  anger  and  finally  to  the 
justif^'ing  counter-development  of  such  vast  quantities  of  noxious, 
caustic  gases  that  the  prolongation  of  the  war  for  a  few  months  more 
would  have  seen  the  Teuton  forces  literally  exterminated  by  the  evil 
the.y  themselves  had  set  loose  upon  the  world. 

As  a  result  of  this  innovation,  every  modern  army  has  a  division 
for  chemical  warfare  attached  and  the  idea  seems  to  be  somewhat 
generalized  that  the  perpetuation  of  this  branch  of  the  service  and  the 
further  expansion  of  its  activities  is  assured,  at  least  from  the  stand- 
point of  defensive  warfare. 

The  deatli  rate  from  gassing  in  the  American  Army  was  about  1^/2 
per  cent.,  although  gas  was  responsible  for  about  30  per  cent,  of  the 
American  casualties. 

Among  the  various  gases  used  as  weapons  are  included  hydrocyanic 
acid,  sulphur  dioxide  and  benzrvl  bromide,  as  a  lachrymator.     Nitric 
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peroxide  from  high  explosives  lias  caused  casualties,  as  has  carbon 
monoxide  from  imperfect  combustion,  close  quarters,  burning  buildings 
and  mining  operations.  According  to  Catton  {Mil.  Surg.,  July,  1919, 
p.  65)  the  gases  most  used  have  been:  (a)  the  suffocant  gases,  in- 
cluding phosgene  (C0CL2),  diphosgene,  chlorine  and  cliloropicrin ; 
(b)  the  vesicant  gas,  variously  called  mustard  gas,  yperite  or  yellow 
cross  and  whose  formula  is  di-chlor-eth^'l-sulphide  (C2H4CL)2S.  Lat- 
terly the  two  mainly  used  gases  were  phosgene  and  mustard  gas. 

Gases  were  first  sent  over  in  clouds  from  cylinders  but  very  soon 
were  distributed  by  gas  shells  and  gas  bombs.  The  suffocants  pro- 
duced their  lesions  by  being  inhaled.  Mustard  gas  may  affect  by  its 
inhalation  in  the  finely  divided  state  as  a  vapor,  or  by  contact  with  it 
in  the  oily  state.  The  oil  may  cling  to  clothing  and  ammunition,  and 
hospital  attendants,  as  far  back  as  a  base  hospital,  have  received  burns 
from  using  salvaged  clothing  of  gassed  patients  5  days  after  exposure. 
Food  or  water  from  shell  holes  or  wells  may  be  gassed  and  even  after 
several  weeks,  Avhen  taken  into  the  gastro-intestinal  tract,  may  cause 
symptoms. 

Suffocant  gases  such  as  phosgene  ai-e  of  little  direct  concern  to  the 
ophthalmologist,  their  selective  action  being  exerted  upon  the  lungs, 
where  a  massive  edema  appears,  and  upon  the  blood  and  the  blood 
vessels. 

Vesicant  gas,  such  as  mustard  gas,  however,  acts  upon  every  tissue 
with  which  it  comes  in  contact  and  particularly  the  moist  mucous  sur- 
faces. The  common  sites  of  pathology  are  the  conjunctivas,  the  skin, 
the  upper  respiratory  tract  and  the  pharynx.  The  skin  mainly 
affected  is  over  the  exposed  portions  of  the  hands,  that  around  the 
borders  of  the  respirator  and  the  sweaty  places  such  as  the  axillce,  the 
flexure  of  the  elbows,  the  groins  and  the  perineum.  Here  the  lesions 
are  erythema,  blisters  and,  sometimes,  deep  burns.  Usually  pigmenta- 
tion and  desquamation  follow  and  cicatrices,  if  the  lesions  have  been 
.  deep.  The  ])harynx  is  usually  only  injected  but,  in  severe  cases,  it 
may  show  ulcerations.  Unlike  phosgene,  in  the  lungs  mustard  gas 
does  not  call  out  a  great  edema  but  actually  burns  the  respiratory  lin- 
ing and  necrosis,  ulceration  and  sloughing  occur,  invariably  with  sec- 
ondary infection. 

The  pathology  of  the  lung  irritants  (the  phosgene  group)  does  not 
develop  in  a  marked  degree  for  some  minutes  after  exposure  and 
usually  not  for  3  to  12  hours.  Accordingly,  aside  from  a  pricking  sen- 
sation in  the  eyes,  accompanied  by  lachrymation  and  moderate  con- 
junctival injection,  a  slight  anorexia  and  an  unpleasant  taste  for 
tobacco  smoko  wliidi  follou-  the  gas  iiiluilation  immediately,  there  may 
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be  110  secondary  symptoms  uutil  edema  of  the  luiigs,  capillary  ob- 
struct iou,  secondary  oxygen  deficiency  and  cardiac  embarrassment 
develop. 

Ill  the  severe  eases  with  the  more  pronounced  pathology  there  are 
two  forms  (a)  ''the  blue  case"  where  the  circulatory  apparatus  is 
functioning  well  and  tliere  is  deep  eyauosis,  with  distended  superficial 
veins,  marked  dyspnea,  and  a  well-sustained  pulse  of  good  volume,  and  , 
(b)  ''the  gray  case"  where  oxygen  deficienc}'  is  very  great  and  the 
right  heart  has  begun  to  fail.  Here  gray  pallor  exists,  with  leaden- 
colored  mucosae  in  which  the  eyes  share  prominently.  With  the  oxygen 
deficiency  come  temporary,  and  probably  at  times  permanent,  changes 
in  the  central  nervous  system  and  the  autonomic  system.  There  may 
be  disorientation,  muscular  weakness,  Kernig's  sign,  nystagmus,  un- 
equal pupils,  absent  abdominal  reflexes,  scattered  sensory  changes  or 
retention  of  urine.  The  organs  of  taste  and  smell  are  usually  dis- 
turbed. Thrombosis  may  occur  in  the  vessels  of  the  extremities  and 
gangrene  may  result.  Death  may  result  from  flooding  of  the  lung 
from  edema  and  from  extreme  concentration  of  the  blood  in  the  initial 
stages,  but  is  not  common  if  the  first  few  days  are  survived. 

According  to  Underbill  {Jour.  A.  M.  A.,  Aug.  30,  1919,  p.  688)  the 
principal  of  the  treatment  of  acute  gas  poisoning  of  the  suffocativer 
type  consists  of  venesection  in  the  period  of  blood  dilution,  which 
occurs  in  the  initial  stage  of  phosgene  poisoning  and  of  the  introduc- 
tion of  fluid  into  the  body  by  means  of  infusion  of  salt  solution,  the 
oral  administration  of  water  or  even  by  intraperitoneal  injection,  dur- 
ing the  period  of  blood  concentration. 

The  pathology  of  mustard  gas,  introduced  by  the  Germans  in  July, 
1917,  and  which  had  come  to  assume  a  role  of  primary  importance  in 
warfare  by  the  time  of  signing  the  armistice,  develops  even  more  slowly 
than  phosgene  and,  accordingly,  the  soldier  may  be  unaware  for  a 
considerable  time  that  he  has  been  gassed.  Three  to  24  hours  elapse 
before  s^-mptoms  appear,  when  the  inflammatory  reaction  in  the  con- 
junctiva^ may  cause  smarting,  lachrymation,  photophobia  and  head- 
aches, either  over  the  eyes  or  more  generalized. 

Derby  {Amer.  Jour.  Med.  Sac,  Nov.,  1918)  reports  having  found 
oeular  lesions  in  about  80  per  cent,  of  500  cases  of  mustard  gas  poison- 
ing. The  lesions  are  of  1he  nature  of  n  chemical  burn  of  the  skin  of 
the  lids,  conjunctivae  and  of  the  cornea'  in  a  considerable  percentage. 
The  lids  are  reddened,  swollen  and  often  show  numerous  large  bullas ; 
they  are  kept  tightly  closed.  The  true  ulceration  observed  by  the 
French  has  not  been  noted  by  Derby  and  his  co-workers.  The  irrita- 
tion and  photophobia  are  so  intense  that  not  infrequently  resort  must 
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be  had  to  one  or  two  drops  of  cocaine  and  the  use  of  a  lid  elevator 
in  order  to  make  a  proper  examination  of  the  eye.  Separation  of  the 
lids  is  often  followed  by  a  gush  of  tears. 

In  the  milder  cases  there  is  but  slight  injection  of  the  conjunctiva?, 
nearly  always  accompanied  by  slight  photophobia.  In  the  more  severe 
cases,  there  is  a  severe  injection  and  at  times  a  very  marked  white 
edema  and  chemosis  of  the  membranes.  A  secondary  infection  of  the 
conjunctiva  following  gassing  is  not  at  all  uncommon.  Ciliary  injec- 
tion is  frequent  and  usually  represents  an  iridic  inflammation  or  even 
an  irido-cyclitis.  Panophthalmitis  has  been  reported  from  this  source. 
In  the  more  severe  gas  cases  a  careful  examination  nearly  always  dis- 
closes a  certain  amount  of  corneal  involvement,  varying  from  a  slight 
roughening  of  the  epithelium  to  a  well-defined  opacity,  usually  in  the 
form  of  a  band  extending  across  the  cornea  in  the  area  corresponding 
to  the  palpebral  fissure. 

Derby's  experience  is  again  at  variance  with  that  of  the  French 
with  respect  to  corneal  ulceration,  which  the  latter  found  of  common, 
the  former  of  rare,  occurrence.  The  French  found  that  these  corneal 
lesions  stained  b}^  fluorescein;  Derby  found  this  to  be  true  only  in 
exceptional  cases.  The  corneal  condition  tends  to  disappear  rapidly, 
leaving  no  trace,  except  in  eases  with  ulceration. 

The  intense  photophobia,  upon  which  so  much  emphasis  has  been 
placed,  is  explained  by  the  corneal  involvement.  The  neuroretinitis 
described  by  Teulieres  as  characterized  by  a  peculiar  slate-color,  has 
not  been  found  by  others. 

The  prognosis  as  given  by  Cerise  in  his  report  to  the  Societe  cV 
OpMalmolocjie,  is  as  follows:  (1)  Benign  cases  (10  to  15  per  cent,  of 
cases)  :  duration  ten  to  fifteen  days.  (2)  Medium  cases  (about  80 
per  cent,  of  cases)  :  duration  five  or  six  weeeks.  (3)  Severe  cases  (3 
to  5  per  cent.)  seen  in  those  with  marked  general  symptoms,  who  often 
develop  bronchopneumonia. 

The  experience  of  the  author  places  the  larger  proportion  in  the 
benign  class.  Men  who  are  subject  to  blepharitis  and  conjunctivitis 
are  more  sensitive  to  gas. 

Derby  warns  us  that  mustard  gas  burns  of  the  eye,  although  tend- 
ing toward  spontaneous  recovery,  deserve  careful  supervision  and 
treatment,  since  good  treatment  will  shorten  convalescence,  make  the 
men  much  more  comfortable  and  ensure  a  complete  recovery,  except 
perhaps  in  the  rarest  instances.  The  eyes  should  be  protected  from 
light,  but  not  bandaged.  Patients  should  be  kept  in  a  moderately 
shaded   ward.     Eye  shades  may  be  im]irovised  out  of  three  or  four 
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thickuesses  of  the  blue  paper  used  for  wrapping  bundles  iu  many 
hospitals. 

In  severe  cases  the  eyes  should  be  irrigated  every  three  or  four  hours 
vdth  some  bland  solution — normal  saline,  soda  bicarbonate  1  per  cent., 
or  boric  acid,  heated  to  about  100°  F.,  followed  by  a  drop  of  liquid 
vaseline,  or  in  the  late  stages,  when  secondary  infection  is  common, 
by  argyrol  in  a  25  per  cent,  solution.  Castor  oil  theoretically  is  good, 
as  mustard  gas  is  dissolved  by  animal  and  vegetable,  but  not  by 
mineral  oils ;  practicall}',  however,  it  is  found  to  be  more  irritating 
than  liquid  paraffin. 

Atropine  should  be  used  in  all  cases  in  which  the  cornea  is  in- 
volved, and  a  1  per  cent,  solution  instilled  twice  a  day  will  usually 
be  found  to  keep  the  pupil  well  dilated.  As  a  rule,  atropine  may  be 
discontinued  in  two  or  three  days,  but  not  in  cases  with  marked  corneal 
involvement. 

Cocaine  should  not  be  used  routinely,  but  is  valuable  for  the  first 
examination  of  the  eye  to  relax  the  spasm  of  the  lids.  Dionin  in  5  per 
cent,  solution  has  been  tried  but  discarded.  When  hyperemia  of  the 
conjunctiva  exists  for  a  long  time,  a  mild  astringent  colly rium  may 
be  used,  such  as  3/4  to  1  per  cent,  zinc  sulphate  solution. 

In  manj^  of  these  cases  there  is  a  persistence  of  the  conjunctivitis 
'with  photophobia,  which  is  increased  by  the  slightest  exposure  to 
wind,  cold  and  strong  sunlight.  Aside  from  the  frequent  use  of  cold 
compresses  and  mild  refrigerant  lotions  the  persistent  blepharitis  and 
eczema  appear  to  be  unintluenced  hy  treatment. 

In  a  few  cases,  particularly  those  with  corneal  involvement  vision  is 
reduced  to  as  low  as  6/60,  not  capable  of  improvement. 

Pickard  {Amer.  Jour.  Ophthal.,  Feb.,  1919,  p.  136)  describes  the 
effect  upon  the  eyes  of  repeated  and  prolonged  exposure  to  mustard 
gas  in  the  plants  where  dichlorethylsulphid  was  manufactured. 

The  continual  leaks  have  a  varying  effect  upon  the  men,  depending 
to  some  extent  upon  their  susceptibility.  Eyes  once  affected  by  the  gas 
seem  more  prone  to  a  second  attack,  and  the  period  between  attacks 
grows  shorter,  as  the  men  are  returned  to  work.  Some  cases  exposed 
to  the  vapor  or  fumes  leaking  from  pipes  or  stopcocks,  would  become 
affected  with  smarting  of  both  eyes  in  from  one  to  six  hours.  Many 
of  the  men  would  continue  work  during  their  shift,  go  to  their  bar- 
racks and  to  bed,  be  awakened  during  the  night  with  intense  pain 
and  report  to  the  hospital  in  the  morning.  In  some  cases  where  the 
gas  would  escape  in  jets  as  from  manometers,  rubber  tube  attachments, 
etc.,  and  the  face  sprinkled  with  the  chemical,  the  reaction  would  be 
immediate,  and  result  in  severe  burns.     The  first  cases  were  treated 
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with  rest  in  bed,  cold  compresses,  cocaiu  i'or  the  lirst  day,  ouee  or 
twice;  atropin  twice  daily.  These  remained  in  the  hospital  for  from 
three  to  six  weeks,  depending  on  the  severity  of  the  reaction. 

Later  cocain  for  only  one  instillation,  and  for  its  immediate  quiet- 
ing- effect  was  nsed ;  atropin,  three  times  daily  for  its  continued  phys- 
iologic eifect;  cold  compresses,  boric  acid  flushing,  iodoform  powered 
into  the  eye  twice  daily,  yellow  oxid  of  mercury  salve  to  the  lids  and  a 
Liebreit'li  bandage  for  from  three  to  seven  days,  or  longer  as  the  case 
required.  Under  this  plan  of  treatment,  the  stay  of  patients  in  the 
hospital  was  decreased  to  seven  to  fourteen  days,  with  rapid  ameliora- 
tion of  all  symptoms. 

It  is  Pickard's  opinion  that  the  deleterious  effects  of  dichlorethyl- 
sulphid  upon  the  eyes,  can  best  be  treated  by  antiphlogistic  measures, 
ignoring  to  a  considerable  extent  the  chemical  composition  of  the 
affecting  gas.  To  look  for  a  chemical  antidote  to  neutralize  its  action 
in  the  eye,  would  more  than  likely  lead  to  a  substance  as  severe  in 
reaction  as  the  poison  itself,  whereas,  by  treating  the  inflammatory 
symptoms,  immediate  relief  is  obtained,  insofar  as  pain,  lachrymation, 
photophobia  and  swelling  are  concerned.  Previous  to  the  use  of  mer- 
curial salve  externally,  about  five  per  cent,  of  the  cases  developed 
chalazia,  hordeola  and  small  multiple  abscess  of  the  lids ;  but  since  its 
introduction  into  routine  treatment  there  have  been  no  such  com- 
plications. 

As  soon  as  the  corneal  or  uveal  disturbance  has  subsided  atropine 
■  should  be  discontinued  and  it  is  advisable  to  get  the  patient  up  and 
accustom  him  to  the  light  to  avoid  long  hospitalization. 

Among  the  complications  and  sequelae  of  "gassing"  Mayou  {Trans. 
Ophthal.  Soc.  U.  K.,  XXXVIII,  p.  149)  observed  a  case  of  purulent 
ring  infiltration  of  the  cornea  following  mustard  gas.  The  soldier 
was  blinded  by  the  explosion  of  a  gas  shell  on  the  nearby  parapet. 
Six  days  after  the  explosion  there  was  intense  injection  of  the  con- 
junctiva and  photophobia  in  both  eyes.  The  corneal  lesion  was  the 
same  on  both  sides.  The  surface  epithelium  was  slightly  roughened 
but  intact  over  the  whole  of  both  cornea\  In  the  superficial  layers  of 
the  cornea,  about  2  mm.  from  the  margin,  was  a  yellow  band  of  puru- 
lent infiltration,  the  margin  toward  the  center  of  the  cornea  being 
sharply  defined  and  the  cornea  beyond  it  clear.  The  outer  margin  was 
ill-defined  and  shaded  off  into  the  surrounding  cornea,  which  was 
practically  clear  at  its  margin.  At  the  end  of  5  weeks'  care  the  puru- 
lent exudation  absorbed  without  the  surface  epithelium  breaking  do\vn 
and  left  a  fine  white  line  beneath  the  corneal  epithelium,  which  also 
disappeared.     The   photophobia   and  blepharospasm   still  were  very 
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marked  at  this  time.    Staining  of  the  skin  of  the  lids  is  a  common  lesion 
of  mustard  gas. 

The  presence  of  previous  infection  or  occlusion  of  the  lachrymal  sac 
seems  to  have  been  largeh'  responsible  for  most  of  the  cases  of  marked 
involvement  of  the  anterior  segment  of  the  eye  and  especially  in  the 
cases  showing  ulceration  of  the  corneas.  The  part  which  can  be  played 
in  the  formation  of  such  ulcers,  however,  by  the  immediate  use  of 
occlusive  dressings  was  clearly  shown  during  the  first  experiences  with 
gas.  Greenwood  noted  a  case  with  destruction  of  both  corneae  from 
this  source. 

The  occasional  papilledema  and  the  rare  later  optic  atrophy  which 
have  been  noted  in  connection  with  "gassing"  have  been  explained 
as  a  possible  result  of  the  consecutive  involvement  of  the  contiguous 
lymphatic  tracts  from  the  cornea  backwards,  or  as  due  to  the  severe 
reaction  in  the  nose  and  its  accessory  cavities,  the  meninges  of  the  optic 
nerve  being  directly  affected  by  extension  through  the  cribriform  plate. 
Teulieres  and  Valois  {Jour.  Med.  dc  Bordeaux,  Vol. -89,  p.  37)  note 
severe  and  protracted  iritis  but  without  synechia?,  the  pupil  reacting 
sluggishly  to  light  and  slowly  to  mj-driasis.  They  state  that  a  mild 
degree  of  neuroretinitis  occurs  in  manj'  cases  but  that  this  has  left  no 
permanent  change  save  in  one  case  where  the  vision  remained  at  3/10 
in  each  eye  after  the  disappearance  of  the  retinal  changes. 

Kershner  {Amer.  Jour.  Ophthul.,  ]\larch,  1918,  p.  168)  reports  optic 
atrophy  in  a  soldier  aged  23  years  which  followed  gassing.  The  man 
was  gassed  twice,  the  second  time  occurring  at  dusk,  when  it  was  im- 
possible to  see  the  approach  of  the  gas  and  to  take  preventive  measures. 
The  concentration  was  not  great,  however.  The  first  effects  notice 
able  were  irritation  of  the  throat  with  shortness  of  breath,  not  severe. 
The  worst  immediate  effect  was  the  inability  to  see  clearly.  "It 
seemed  like  a  dense  haze  was  about  every  object,"  he  says.  There 
was  also  nausea  most  of  the  time,  with  a  sensation  of  floating,  short- 
ness of  breath,  and  a  smothering  sensation  which  was  not  constant. 
During  this  stage  he  was  taken  to  the  dressing  station,  where  con- 
sciousness was  lost  but  was  regained  between  three  and  four  hours 
later  in  the  Field  Hospital,  at  which  time  a  splitting  headache  was 
the  most  notable  sjmiptom.  This  was  accompanied  by  severe  pain  and 
aching  of  the  left  arm  and  leg,  which  were  very  weak.  It  was  passible 
to  move  them,  only  after  great  effort,  but  there  was  no  strength  in  the 
muscular  movements.  Movement  was  accompanied  by  pain  for  the 
first  weeks.  This  condition  of  the  left  side  gradually  and  very  slowly 
improved  until  he  was  able  to  discard  his  cane.  Upon  regaining  con- 
sciousness, ho  was  only  able  to  distinguish  liglit  from  darkness.     This 
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coudition  lasted  about  seven  weeks,  by  which  time  objects  had  become 
discernible,  and  in  another  three  weeks  vision  in  the  right  eye  had 
improved  to  6/12  where  it  remains.  The  left  eye  failed  to  improve 
beyond  the  ability  to  discern  objects. 

The  field  of  vision  for  the  right  eye,  avS  indicated  on  the  accom- 
panying chart,  revealed  contraction  for  form  as  well  as  for  colors  and 
a  very  slight  enlargement  of  the  ''blind  spot."  It  was  impossible  to 
obtain  any  sort  of  field  in  the  left  eye.  Both  discs  were  pale,  the 
atrophic  change  being  more  marked  in  the  left  than  in  the  right,    von 


Torm 

■-7?ed 
Greeit. 


Fig.    1. 

-b'ield  of  Vision  for  Eight  Eye  in  Case  of  Gassing,  Showing  Contraction  for  Both 

Form  and  Color  Fields.     (Kershuer.) 

Szily  depicts  (Fig.  309,  p.  444,  Atlas  der  Kriegsaugenheilkunde)  a 
case  of  bilateral  postneuritic  atrophy  from  "gassing."  Ratnakar 
(Lancet,  March  15,  1919)  submits  the  history  of  a  man  who  said  that 
he  could  not  see  for  two  days  after  having  been  gassed,  but  that  after 
this  time  he  could  gradually  open  his  eyes  and  could  see  fairly  well. 
About  a  fortnight  after  he  was  gassed  his  attention  was  drawn  to  the 
oscillations  of  his  eyeballs,  as  the  patient  described  the  condition,  by 
the  medical  man  at  the  military  hospital  to  which  he  was  removed. 
Patient  was  a  microphotographer  at  one  of  the  largest  hospitals  in 
London  before  he  joined  up.  His  vision  was  excellent,  and  he  had 
no  nystagmus  then ;  there  is  no  reason  to  doubt  his  statement  consider- 
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iiig  liis  work  before  and  after  joining  the  Army.  On  examination  the 
condition  was  as  follows:  Lateral  nystagmus;  pupils  regular,  active, 
medium;  movement  of  the  ej^eballs,  conjunctiva,  cornea,  and  media 
normal.  The  fundi  were  also  normal.  Nystagmus  constantlj^  present, 
but  more  lAarked  on  extreme  outward  and  inward  movements.  Vision 
in  both  eyes  6/18  partly,  not  improved  b}^  glasses.  Letters  run  into 
one  another.  Retinoscopy  after  a  mydriatic  :  R.  and  L.  -[-  1  sph.  Fields 
of  vision  and  color  perception  normal ;  no  central  scotoma.  The 
patient  returned  to  the  hospital  for  re-examination  after  three  months 
as  directed,  and  the  condition  was  found  to  be  practically  the  same. 

Several  weeks  or  months  after  gassing  residual  symptoms  may  exist 
still  referable  to  gassing  and  including  chronic  bronchitis,  functional 
aphonia,  persistent  vomiting,  photophobia,  blepharitis  and  blepharo- 
spasm. The  functional  forms  of  these  conditions  have  undoubtedly 
had  an  initial  local  irritation  as  their  origin  which  has  led,  not  infre- 
quentl}^,  to  mental  fixation  upon  these  particular  symptoms  and  the 
persistence  of  psychoneurotic  complexes  erected  on  the  foundation  of 
the  minor  local  conditions.  These  are  immediately  relievable  by  fit- 
ting psychiatric  persuasion.  Hurst  (Seale-Hayne  Neurol.  Studies, 
V.  1,  p.  71)  and  Hurst  and  Ripman,  detail  a  case  of  hysterical  left 
strabismus  and  amblyopia  following  gassing  and  discuss  the  relation  of 
gassing  and  the  hysterical  ocular  symptoms  which  cluster  about  the 
focal  point  of  conjunctivitis. 

NIGHT-BLINDNESS    (HESPERANOPIA)  . 

The  terms  hesperanopia  and  hesperanope  proposed  for  this  con- 
dition and  for  the  afflicted  by  Terson  (Arch.  d'Ophtal.,  Jan. -Feb., 
1919)  are  highly  acceptable  solutions  of  the  definitive  haze  cast  about 
the  subject  by  the  older  and  incorrect  terms  hemeralopia,  nyctalopia 
and  their  like.  The  word  hesperanopia,  derived  from  the  Greek  word 
for  "dusk"  and  "a"  privative,  is  both  unequivocal  and  euphonic  and 
deserves  general  recognition. 

The  interest  aroused  in  this  subject,  by  outbreaks  of  what  appeared 
to  be  epidemics  of  night-blindness  among  soldiers,  has  evolved  an  ex- 
tensive literature  dating  back  to  the  earliest  months  of  the  war.  The 
first  conception  of  these  group  defects  was  that  they  were  the  product 
of  some  form  of  vitamin  deficiency  in  the  food  or  that  they  repre- 
sented psychogenous  functional  changes  or  actual  malingering.  The 
correlation  of  the  various  studies,  however,  shows  that  a  distinction 
must  be  made  between  those  who  complained  of  poor  nocturnal  vision 
prior  to  the  war  and  those  who  developed  the  sj'mptom  as  a  result  of 
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Ihf  couditious  of  warfare,  lii  the  lirst  group  come  the  cases  of  true 
hesperanopia,  including  men  with  choroido-retiual  lesions  and  some 
rare  cases  of  retinitis  pigmentosa,  choroiditis,  congenital  affections  of 
the  neuro-retinal  system  and  of  congenital  night-blindness,  the  last 
probably  pliysiological.  The  second  group  embraces  the  false  or 
l)seudo-hesi:>eranopic  conditions  arising  from  uncorrected  or  badly 
correeted  refj-active  conditions,  especially  myopia,  eorneal  lesions 
and  defects  of  the  ocular  media,  loss  of  blood,  faulty  nutrition,  emacia- 
tion, and  the  disturbances  of  vision  seen  in  states  of  nervous  exhaus- 
tion, arterio-selerosis,  and  alcohol  and  tobacco  poisoning.  Any  of 
these  factors  may  be  operative  alone  or  in  combination.  In  the  acute 
form,  sudden  light  dazzling  often  precipitates  the  attack,  possibly 
from  rapid  exliaustion  of  the  visual  ]iurple  which  had  been  main- 
tained in  functioning  amount  only  with  difficulty  even  under  normal 
conditions.  In  many  cases  the  defect  was  first  noted  during  the  first 
dark  nights  on  duty.  Danis  (Abstr.  .Lmrr.  Jour.  Ophthal.,  Aug.  19, 
1919,  p.  155)  who  found  203  cases  of  tliis  form  of  comi)laint  among 
2,700  eye  patients,  believes  the  condition  to  be  tlie  effect  of  disturbance 
of  the  choriocapillary  circulation  which  interferes  with  retinal  adapta- 
tion. Birch-Hirschfeld  {Arch.  OpJithaL,  Nov.,  1917,  p.  600)  found 
that  of  155  soldiers  who  complained  of  liesperanopia  tlie  condition 
liad  been  recognized  to  greatci-  or  less  extent  liefore  the  war  in  120, 
usually  in  their  early  youth.  Of  the  35  who  developed  the  condition 
during  the  war  11  had  l)een  Avounded  and  had  lost  consideral)le  blood, 
5  had  suffei'ed  from  intestinal  troubles,  3  had  ])een  exposed  to  the 
dazzling  effect  of  strong  lights  and  1  had  1)een  poisoned  by  optochin. 
The  cases  were  always  sporadic  and  their  average  age  was  341/.  years. 
The  nutritive  condition  of  about  half  these  men  was  poor.  Fifty-four 
of  the  cases  were  emmetropic,  17  hyperopic,  14  astigmatic  and  70 
myopic,  a  myopia  of  more  than  6  D.  existing  in  31  of  the  last  group. 
Central  vision  was  normal  in  69,  fair  in  67  and  bad  in  19.  The  oph- 
thalmoscope showed  a  normal  eye  in  73,  deficit  of  fundal  pigmenta- 
tion in  34  and  individual  pigment  anomalies  in  41.  The  visual  field 
Avas  contracted  with  reduced  illumination,  especially  for  blue  in  121, 
moderately  for  white  and  bine  in  bright  daylight  in  36.  and  to  a 
high  degree  in  30. 

The  central  and  peripheral  perception  of  blue  was  almost  regu- 
larly di,sturbed  in  reduced  illumination.  Special  care  was  given  to 
the  determination  of  the  stimulative  threshold  and  the  adaptation, 
which  revealed  3  kinds  of  the  disturbance.  1.  Elevation  of  the  thresh- 
old with  good  adaptation  in  33.  2.  Flat  curve  of  adaptation  with  a 
slightly   raised   threshold    in    17.      3.    Elevation    of   the   threshold    in 
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greatly  diminished  adaptation  in  103.  The  third  type  includes  par- 
ticularly the  cases  with  marked  disturbance  in  vision,  visual  field,  and 
color  sense,  and  presenting  retinal  changes.  Between  the  3  varieties 
are  transition  forms,  and  a  case  maj'  pass  from  one  type  to  another. 
Of  54  cases  observed  for  several  weeks,  only  10  showed  an  essential 
improvement.  He  does  not  consider  the  patients  fit  for  military  serv- 
ice if  after  Y2  hour's  adaptation  to  dark  the  sensitiveness  is  less  than 
14  of  normal.  Only  in  rare  and  special  cases  is  the  injury  to  be 
ascribed  to  the  service.  Treatment  consists  of  correction  of  re- 
fractive crroi's,  improvement  of  the  general  condition,  and  protec- 
tion against  dazzling.  He  thinks  night  blindness  to  be  a  trouble  not 
dei")endcnt  on  any  one  cause,  and  that  the  term  war  hemeralopia  is 
not  suitable.  Various  factors  may  take  part  in  its  etiology,  some 
general,  some  local.  Among  tliese  may  be  named  hereditary  influ- 
ences, which  were  present  in  1  3  of  the  cases;  myopic  changes  in  the 
retina  or  choroid;  faulty  nutrition,  lack  of  vitamines;  debility  caused 
by  intestinal  or  liver  troubles  or  l)y  loss  of  blood;  poisoning  by  opto- 
chin,  quinine,  or  perhaps  alcohol.  Dazzling  may  perhaps  be  a  factor. 
Neurasthenic  symptoms  are  net  rare,  yet  it  is  a  mistake  to  con- 
sider the  trouble  a  variety  of  neurasthenia.  The  entire  symptom  com- 
])!ex  is  not  indicative  of  a  psychogenous  cause,  but  points  to  an  organic 
disturbance  of  the  ajiparatns  connected  Avith  the  increase  of  sensi- 
bility in  the  dark. 

^IcKee  (loc.  cit.)  believes,  hoAvever,  that  there  is  little  doubt  but 
that  many  soldiers  have  heard  a  chum  complain  of  night-blindness 
Avith  the  desired  results,  and  have  then  gone  and  done  likcAvise.  A 
clever  malingerer  finds  it  an  easy  complaint  to  simulate,  and  the 
simulation  is  hard  to  detect. 

'Jess  {Arch.  OphthaL,  Noa-.,  1917,  p.  598)  finds  simulation  cannot 
be  determined  at  the  front  oAving  to  the  difficulty  of  reliable  investi- 
gations of  the  dark  adaptation  at  the  adA^anced  eye  stations.  He 
recommends,  therefore,  a  careful  examination  of  the  visual  fields,  as 
characteristic  disturbances  are  almost  constant  in  true  hesperanopia. 
In  order  to  recognize  beginning  contractions  of  the  blue-yelloAV  limits 
as  compared  Avith  the  red-green,  it  is  necessary  to  note  Avith  special 
care  the  limit  for  yelloAv,  as  a  contraction  of  the  yelloAv  field  may  be 
found  Avhen  one  for  blue  cannot  be  made  out.  Of  61  soldiers  of  all 
arms,  Avho  were  said  to  be  night-blind,  35  shoAved  typical  disturbances 
of  the  visual  field,  which  confirmed  the  diagnosis  of  hesperanopia. 
Of  the  remaining  26,  6  Avere  so-called  dioptric  hesperanopes,  18  shoAved 
no  disturbance  of  adaptation  on  examination  Avith  a  photoptometer, 
and  only  2  had  a  distinct  disturbance  of  adaptation  Avith  no  anomalies 
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of  the  visual  iield.  A  uiimbcr  of  pictures  showed  the  typical  displace- 
ments of  the  color  boundaries,  their  enlargement  with  improvement 
of  the  hesperanopia,  their  greater  contraction  as  the  latter  became 
Avorse,  as  "well  as  paracentral  defects  in  the  form  of  ring  scotomata, 
of  which  7  were  observed  resembling  the  peripheral  scotoma  produced 
by  dazzling.  Careful  investigation  of  the  histories  and  prolonged  ob- 
servation established  the  fact  that  only  8  of  these  cases  originated 
in  the  field,  caused  perhaps  bj^  nutritive  disturbances  and  weariness, 
while  all  of  the  others  were  congenital,  had  developed  before  the  war, 
or  Avere  due  to  local  disease. 

The  Paris  letter  in  the  Jour.  A.  M.  A.,  Sept.  9,  1916,  p.  827,  states 
that  the  frequence  of  hesperanopia,  extremely  low  in  time  of  peace 
(1  in  12,000  in  France,  according  to  Walter),  undergoes  an  augmen- 
tation in  wartime.  At  Verdun,  Dr.  Bourdier  found  8.78  per  cent,  in 
ocular  examinations  during  the  winter  of  1914-1915.  At  the  same 
period,  many  cases  of  the  condition  occurred  in  the  German  army. 
More  recently,  Vejers  has  observed  it  in  proportion  of  10.2  per  cent. 
This  high  figure  depends  on  many  causes,  some  peculiar  to  the  late 
war,  which  presents  conditions  different  from  those  which  have  pre- 
vailed, in  the  past,  such,  for  example,  as  the  higher  mean  age  of  the 
combatants.  The  hesperanopia  in  this  war  as  observed  by  the  Fl^ench 
differs  from  that  which  has  been  described  in  previous  wars  in  two  re- 
spects :  In  the  first  place,  there  has  been  no  epidemic,  and,  the  re- 
victualing  of  the  army  being  satisfactory,  there  have  been  no  crises 
of  this  character  due  to  privation  and  physiologic  misery.  By  reason 
of  selection,  symptomatic  hesperanopia  is  rarely  found  more  in  mili- 
tary than  in  civil  life.  In  most  cases  it  seems  related  to  some  vice  of 
refraction  and  principally  to  myopia.  The  condition  was  observed 
among  volunteers  in  the  early  months  of  the  war,  among  officers  of 
the  regular  army  and  medical  officers,  and  because  of  these  facts  and 
others  contained  in  the  reports  of  the  commanding  offtcers  and  be- 
cause of  the  isolated  character  of  each  case,  it  is  evident  that,  in  the 
late  war,  hesperanopia  was  a  symptom  rarely  invoked  by  malinger- 
ers. Except  for  those  cases  traceable  to  general  diseases  (of  liver  and 
kidneys)  or  to  ocular  fatigue  or  disease,  there  seems  to  be  no  satis- 
factory treatment  for  the  condition. 

"With  regard  to  military  employment  of  patients  suffering  from 
hesperanopia,  the  requirements  of  the  command  must  be  taken  into 
consideration,  and  it  is  necessary  to  point  out  to  commanding  officers, 
whose  complaints  have  been  occasionally  rather  pointed,  that  the  con- 
dition appears  to  be  scarcely  if  at  all  curable ;  that  those  affected  by 
it  should  be  distributed  at  the  front  among  the  day-working  parties. 
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(In  examining  men  for  their  aptitude  for  different  special  services, 
the  experience  of  the  war  has  shown  that  in  the  future  it  ivill  he  neces- 
sary to  control  not  only  the  visual  acuity  and  the  visual  field,  hut  also 
the  power  of  adaptation  to  varying  degrees  of  illumination.  This  is 
especially  true  of  candidates  for  the  posts  of  aviator  and  automo- 
hilist.) 

In  an  extended  review  of  many  clinit-al  studies  of  this  subject  which 
appeared  in  the  Amer.  Jour.  Ophthal.,  April,  1919,  pp.  154-159 
Weekers  (Arch.  d'Ophtah,  Yol.  36,  p.  203)  considers  the  hesperanopia 
acquired  during  the  war  as  the  effect  of  overwork.  In  the  diagnosis 
not  only  the  retinal  adaptation  as  such  must  be  considered  but  also 
the  adaptation  curve.  Before  the  war  using  the  adaptometer  of  Nagel, 
he  found  reduced  retinal  adaptation  in  persons  without  any  complaint 
as  to  their  sight.  In  civil  life  hesperanopia  is  found  under  similar  con- 
ditions, especially  in  the  coal  mines,  among  the  laborers  of  St.  Gothard 
tunnel.  In  these  eases  he  found  either  retardation  or  insufficiency  of 
the  adaptation.  The  cause  for  these  cases  must  be  looked  for  in  the 
overwork  and  in  nervous  exhaustion,  and  for  this  reason  hesperanopia 
is  found  mostly  among  the  infantry  who  have  long  marches  carrying 
heavy  equipment.  Its  incidence  diminished  in  the  Belgian  army  when 
conditions  became  more  favorable  as  compared  with  the  beginning  of 
the  war.  He  considers  the  condition  due  to  insufficiency  in  the  retinal 
adaptation  from  exhaustion,  a  condition  to  be  separated  from  the 
hesperanopia  of  malnutrition.  Fatigue  changes  the  function  of  the 
endocrin  glands  and  the  visual  purple  and  the  adaptation  might  be 
inliueneed  by  them ;  relation  of  the  suprerenals  to  the  pigment  is  well 
known. 

Dor  {Clin.  Ophtal.,  Vol.  22,  p.  610  and  Vol.  23,  p.  83)  observed  three 
cases  of  traumatic  hesperanopia  and  gives  the  details  of  one.  A  soldier 
who  had  been  buried  by  the  collapse  of  his  shelter  was  found  uncon- 
scious and  with  a  fractured  skull  and  thigh.  When  consciousness  was 
restored,  after  trepanation,  he  found  himself  blind.  Vision  gradually 
returned  by  the  end  of  a  month  but  marked  hesperanopia  remained 
and  persisted  when  seen  ten  months  later,  when  vision  was  2/3,  the 
fundi  normal  and  the  fields  not  contracted.  Dor  assumes  that  the 
reflex  migration  of  the  retinal  pigment  can  be  interrupted  by  intra- 
cranial changes,  the  reflex  probably  having  its  seat  in  certain  fibers  of 
the  optic  nerve,  in  some  part  of  their  course,  presumably  in  the  genicu- 
late bod}'.  Such  an  explanation  would  account  for  hesperanopia  with 
unaltered  retinal  anatomy.  The  counterpart  to  this  hesperanopia,  in 
which  the  retinal  pigment  does  not  leave  the  region  of  the  rods  when 
the  light  becomes  faint,  are  those  cases  generally  mistaken  for  photo- 
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phobia,  but  which  are  true  eases  of  Dj'ctalopia.  Here  the  retinal  pig- 
ment remains  in  the  position  occupied  during  darkness  and  does  not 
advance  around  the  rods  during  light.  Dor  states  that  cerebral  con- 
tusion can  cause  uA'ctalopia  as  well  as  liesperanopia  and  believes  that 
the  term  ])hotophobia  should  be  reserved  for  those  cases  of  light- 
sensitiveness  which  are  independent  of  pigment  migration,  such  as 
inflammation.  Koeppe  {Miinch.  Mcd.Woch.,  Apr.  9,  1918)  found  an 
examination  with  a  Nernst  slit  lamp  and  the  corneal  microscope  that 
the  cornea^  and  lenses  were  uniformly  reduced  in  transparency.  The 
association  of  these  conditions  with  the  congenital  weakncvss  of  the 
retinal  light-perceiving  elements  is  thought  to  create  a  hesperanopic 
predisposition  which  leads  to  a  frank  manifestation  of  the  character- 
istic symjitoms  after  exposure,  exhaustion  and  malnutrition.  This  les- 
sened transparency'  of  the  cornea  and  lens  may  be  considered  an  ob- 
jective method  of  proving  the  claim  of  night-blindness  in  doubtful 
eases.  Stenitzer  and  Schroeder  {Ilospitalstidende ,  Vol.  61,  p.  481) 
found  no  especial  influence  of  cooked  liver  on  the  hesi^eranopia.  Jess 
{Klin.  M.  f.  Augh.,  Vol.  61,  p.  345)  repeatedly  observed  hesperanopic 
complaints  in  patients  with  perforating  injury  of  the  eye  or  with 
phthisis  bulbi.  He  believes  that  there  is  some  causative  relation  be- 
tween the  distur])ance  o£  adaptation  of  the  hitherto  healthy  eye  and 
the  perforaling  injury  of  the  other  eye,  that  the  liesperanopia  is  a 
symi^tom  of  sympathetic  irritation  or  ophthalmia.  The  curve  of  adap- 
tation of  one  of  his  patients  showed  marked  lowering  while  the  curve 
of  the  same  patient  nineteen  days  after  the  enucleation  appeared  en- 
tirely normal.  The  field  in  the  same  case  before  the  enucleation  was 
moderately  constricted  and  the  color  limits  reversed,  while  after  the 
enucleation  field  limits  and  relation  of  colors  were  perfectly  normal. 
He  mentions  ten  other  similar  cases.  He  also  demonstrates  the  fields 
of  cases  of  acquired  hesperanopia  which  all,  after  the  disturbance  of 
adaptation  has  disappeared,  show  the  peculiarity  that  the  yellow  field 
limits  l)ecome  normal  only  after  the  blue  limits  have  reached  the  nor- 
mal extent,  a  condition  considered  of  diagnostic  importance  by  him 
since  1916. 

Ilillemanns  asserts  that  a  hesperanopia  of  war  has  no  existence.  Most 
cases  of  disturbed  light  sense  are  found  in  myopes  because  of  the  dam- 
age of  the  pigment  epithelium  and  of  the  rods  by  the  myopic  stretch- 
ing; ophthalmoscopic  changes  are  not  neeessarj\  It  is  doubtful 
whether  disturbed  light  sense  occurs  in  high  hyperopia  and  astigma- 
tism ;  in  these  cases  tlie  effect  of  the  dilated  pupil  is  of  greater  im- 
portance. Opacities  of  the  media  will  reduce  vision  when  the  pupil 
])(>comes  wide:  dioptric  hesp(>rano]iia.     In  the  examination  the  central 
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visual  acuity  must  be  separated  from  the  peripheral  light  sense.  Many 
patients  with  ehorio-rctinal  disturbance  show  disproportionate  reduc- 
tion of  vision  with  reduced  illumination.  The  test  object  during  re- 
duced illumination  falls  also  on  the  extrafoveal  rod-containing  region. 
As  the  simplest  and  most  practical  military  method  of  examination  of 
adaptation,  he  therefore  recommends  examination  of  the  visual  acuity 
with  reduced  illumination,  such  as  in  a  poorly  lighted  room  or  with 
the  use  of  smoked  glasses  because  it  is  of  greatest  importance  for  the 
funetion  of  the  eye  in  the  dark  how  its  central  direct  vision  is  influ- 
(>nced  b}'  the  reduced  illumination. 

Of  the  700  cases  of  liesperanopia  observed  in  the  Servian  army, 
Xechitch  could  follow  528  for  a  longer  period.  Four  forms  of  hesper- 
anoi)ia  exist,  according  lo  him  :  It  is  either  symptomatic,  as  in  chorio- 
retinitis and  retinitis  pigmentosa,  or  idiopathic  and  without  any  per- 
ceptible fundus  lesion.  In  daylight  symptomatic  liesperanopia  has 
reduced  visual  acuity,  the  idiopathic  form,  normal  vision.  Patients 
with  errors  of  refraction  or  corneal  opacities  have  no  real  liesperanopia, 
theirs  is  a  pseudohesperanopia.  Congenital  hesperanopia  is  seen  in  in- 
dividuals with  weak  adaptation  but  more  or  less  normal  vision.  The 
liesperanopia  of  the  World  War  is  an  idiopathic  liesperanopia  caused 
by  defective  nutrition.  The  sensitiveness  of  the  retina  in  this  affection 
is  not  the  same  over  its  whole  extent,  thus  producing  five  types  of 
idiopathic  hespei-anopia :  (a)  total;  (b)  with  peripheral  vision;  (c) 
with  eccentric  vision;  (d)  with  relative  scotoma;  (e)  with  annular 
scotoma.  It  is  a  binocular  affection  and  it  may  change  its  type  during 
treatment.  Impi-ovement.  even  spontaneous  cures,  are  not  rare,  but 
not  lastiiJg.  In  this  disease  the  functions  of  the  retina  are  lowered 
and  the  photochemic  changes  are  hindered  through  the  defective  nu- 
trition of  the  retina.  Treatment  must  be  in  hospitals  to  improve  the 
general  condition  of  the  patient.  Cod  liver  oil,  subconjunctival  saline 
injections,  iron  and  arsenic  tonic.  Eelapses  occur  when  the  general 
condition  has  not  sufficiently  improved.  No  ill  consequences  have  fol- 
lowed long  diii-'ation  of  tlie  disease. 

Best  (Zcit.  f.  Biologic,  Vol.  68.  p.  1-11)  maintains  that  only  by  the 
sepai-ate  examination  of  adaptation  with  red  .free  and  long  waved  light 
can  a  clear  conception  of  night-blindness  be  gained.  His  adaptometer, 
consisting  of  discs  covered  with  radioactive  substances,  is  devised  for 
this  purpose.  During  dark  adaptation  the  increase  of  sensitiveness  for 
light  from  radioactive  substance  ceases  in  the  rodfree  area  but  con- 
tinues in  the  periphery  for  thirty  to  forty  minutes  longer.  For  lon^.' 
waved  light  such  contrast  between  macula  and  pei'iphery  exists  only  in 
a  minor  degi'ce.    From  this  must  be  concluded  the  ju'eseiice  of  at  least, 
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two  photooliemical  processes  in  the  retina.  He  detected  simulation  of 
night-blindness  in  two  patients  because  they  claimed  not  only  to  see 
light  from  radioactive  substances  but  even  the  long  waved  red.  In 
doubtful  eases  the  behavior  of  the  patient  during  reduced  illumination 
is  to  be  watched  by  the  examiner  wearing  dark  glasses.  The  end  value 
of  dark  adaptation  varies  greatly  for  the  periphery,  less  for  the  rod- 
free  area.  The  disturbance  of  adaptation  may  be  uniform  through  the 
whole  extent  of  the  spectrum,  the  whole  process  of  dark  adaptation 
is  disturbed ;  or  the  disturbance  is  primarily  in  the  accumulation 
of  visual  purple  or  of  a  recipient  substance  for  long  waves ;  or,  finally, 
the  disturbance  concerns  not  only  the  accumulation  of  the  receptive 
substance  but  also  the  corresponding  color  sensation.  The  German 
army  had  no  epidemic  and  no  war  hesperanopia.  Sixty-six  per  cent. 
of  Best's  cases  were  caused  by  errors  of  refraction.  Ten  per  cent,  had 
no  lowered  end  value  of  dark  adaptation ;  in  these  cases  the  retarda- 
tion is  a  very  fine  indicator.  Objective  changes  such  as  pigmentary 
degeneration,  choroiditis,  optic  atrophy  and  corneal  opacities  were 
found  rarely.  The  fundus  changes  described  by  Augstein  were  not 
characteristic.  Functional  neuroses  were  present  in  8  per  cent.  Mal- 
nutrition, nephritis,  digestive  disturbance,  in  2  per  cent.  He  had  not 
seen  the  peripapillary  edema  of  Jess.  Dazzling  as  the  cause  was  noted 
in  2  per  cent.  Overwork  as  the  cause  was  negligible.  Most  of  the  pa- 
tients knew  of  their  defect  before  the  war,  A  hesperanopia  acquired 
during  the  war  cannot  be  defined  but  is  very  rare.  Tobacco  and  alco- 
hol produce  a  central  scotoma  but  leave  the  dark  adaptation  of  the 
periphery  intact  and  cause,  therefore,  no  night-blindness.  Retinal  and 
choroidal  affections  will  sooner  lead  to  disturbed  adaptation  than  optic 
nerve  affections.  In  all  cases  of  retrobulbar  neuritis  dark  adaptation 
was  less  disturbed  than  the  color  field.  In  three  eases  of  color  blind- 
ness adaptation  in  long-wave  light  was  not  nearly  so  diminished  as  in 
light  from  radioactive  substances.  For  night-blindness  acquired  dur- 
ing the  war  5  per  cent,  of  the  earning  capacity  should  be  allowed  as 
compensation. 

Utilizing  Nagel's  adaptometer  and  Foerster's  photometer,  Huebner 
(Graefe's  Arch.  f.  Ophth.,  Vol.  93,  p.  360)  studied  the  course  of  adapta- 
tion of  normal  soldiers  and  of  those  complaining  of  poor  vision  at  night. 
The  diagnosis  of  hesperanopia  can  only  be  made,  he  says,  when  dis- 
turbance of  adaptation  has  been  proven  positively.  Persons  with  an 
inferior  nervous  system  may  develop  disturbance  of  adaptation 
through  stress  of  war.  Hesperanopia  as  a  symptom  of  other  eye  affec- 
tions exists.  He  has  observed  no  hesperanopia  attributable  to  defec- 
tive nutrition.     Patients  who,  in  spite  of  normal  adaptation,  complain 
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of  poor  vision  at  night  are  not  true  licsperanopes ;  their  complaints  are 
explained  by  low  vision  even  in  the  day  time  and  by  lack  of  experience. 

Referring  to  the  facts  established  by  Koeppe  and  himself  with  the 
Nernst  slit  lamp,  that  the  lens  is  less  transparent  in  cases  of  congenital 
hesperanopia,  Schieck  (Klin.  M.  f.  Augh.,  Vol.  60,  p.  843)  suggests 
that  in  the  soldier's  papers  should  be  entered  within  which  limits  he 
might  be  emplo3-ed  on  account  of  night-blindness. 

Polock  observed  an  inversion  of  the  phenomenon  of  Purkinje  in  five 
cases  of  congenital  hesperanopia.  He  used  a  flat  screen,  half  of  which 
was  red,  and  the  other  portion  blue,  and  had  it  so  arranged  in  a  dark 
room  that  varying  intensities  of  daylight  could  be  throv,^n  on  both 
colors  equallA".  He  found  in  all  of  his  cases  that  as  the  light  intensity 
was  diminished  the  blue  was  the  first  to  disappear,  and  when  tested 
from  obscurity  the  red  was  the  first  to  appear,  and  increased  in  in- 
tejisiiy  as  the  light  was  increased. 

In  certain  cases  of  hesperanopia  both  colors  appear  and  disappear 
at  the  same  time  and  an  inversion  of  this  phenomenon  is  not  present. 

For  the  determination  of  the  function  of  the  eye  in  the  dark  Boeh- 
mig  (Abstr.  Klin.  M.  f.  Augh.,  Vol.  60,  p.  409)  experimented  with  the 
apparatus  of  Cramer.  This  consists  of  a  Landolt  ring  (D-25)  coated 
with  radioactive  substance  and  mounted  on  a  black  board,  and  is  to  be 
viewed  in  varying  distances  and  varying  dark  adaptation.  Men  able 
to  recognize  the  break  in  the  ring  at  3  meters  after  forty-five  minutes 
dark  adaptation,  are  militarily  fit  for  all  purposes ;  those  seeing  the 
break  at  1  meter  and  below  are  to  be  considered  night-blind  and  are 
unfit  for  duty  at  the  front.  Between  these  groups  are  the  men  whose 
form  of  military  service  has  to  be  decided  upon  according  to  the  degi'ee 
of  faulty  adaptation.  Goldman  (Wicn.  Klin.  Woch.,  Vol.  43,  p.  1127) 
found  hesperanopia  to  be  one  of  the  manifestations  of  a  complex 
cerebral  sj-mptom  following  traumatism  and  infections  which  he  has 
observed  in  a  number  of  cases.  He  localizes  the  disturbance  in  the 
optic  thalamus.  The  fundi  were  always  negative  in  his  cases,  in  some 
of  which  both  hesperanopia  and  the  cerebral  symptoms  disappeared 
after  several  weeks.  Such  eases  are  due  neither  to  simulation  nor  to 
neurasthenia. 

Meyer  {Klin.  M.  f.  Augh.,  Vol.  60,  p.  712)  examined  three  hundred 
cases  of  hesperanopia,  and  concluded  that  the  illumination  rate  for 
blue  especially  was  established,  and  that  there  is  no  specified  color 
limit  for  it,  but  the  color  gradually  becomes  gray  as  the  limit  of  the 
field  of  vision  is  approached. 

He  further  demonstrates  an  undersensibility  for  red  in  nearly  all 
cases.    He  believes  that  there  is  no  such  disease  as  the  so-called  "war 
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liesperanopi;!,"  and  only  in  fourteen  eases  tlie  liesperanopia  could  not 
l)e  explained  by  anatomic  findings  or  history.  In  all  other  cases  the 
condition  was  accounted  for  by  the  army  rations,  combined  with  the 
strain  of  niglit  duty  in  the  field  or  a  general  neurasthenic  predis- 
position. 

High  grade  liesperanopia  interferes  considerably  with  efficiency  both 
at  home  oi-  in  service,  and  while  the  middle  or  low  grades  would  not 
dis(iTudify  from  garrison  duty,  a  high  grade  liesperanopia  ought  to 
disqualify  from  service. 

The  present  status  of  liesperanopia  is  further  discussed  in  papers  by 
Junius  (Zcit.  f.  Augh.,  Vol.  36,  p.  49),  Aubaret  (Lancet,  June  2,  1917, 
p.  853),  Lohlein  {Wieu.  Med.  Woch.,  1916,  p.  1242),  Mosso  (Gior. 
Med.  Mil.,  Xo].  65,  p.  401),  Hiift  (Wien.  Klin.  Woch.,  1918,  p.  939), 
Krebs  (ihid,  [).  857)  and  Jackson  (Med.  liecord,  Vol.  94,  p.  900). 

Ol'llTirALMOLOGY  AND   MILITAKV   MEDICINE. 

The  ramiMcations  of  ophthalmic  practice  in  military  medicine  are,  if 
anything,  wider  and  more  varied  than  those  of  civilian  practice,  the 
conditions  of  overcrowding  which  prevail  in  cantonments,  and  in 
modern  active  military  service  and  the  unavoidable  gross  hygienic 
faults  contingent  upon  active  warfare  at  the  front,  exposing  vast 
bodies  of  men  to  epidemics  of  every  conceivable  sort,  in  many  of  which 
the  direct  or  remote  ocular  manifestations  are  of  importance  or  of 
interest. 

A  large  in-oportion  of  the  ocular  diseases  seen  by  the  ophthalmologist 
in  military  service  are  those  in  which  the  strain  and  necessary  filth  of 
hard  campaigning,  with  insufficient  food  and  exposure  to  inclement 
weather,  have  led  to  the  same  ocular  diseases  and  recrudescences  of  old 
general  and  ocular  diseases  which  might  be  expected  to  result  from 
similar  sti'ain  or  exposure  in  civil  life.  The  conditions  most  frequently 
noted  are  clironic  and  acute  conjunctivitis  in  all  its  clinical  and  bac- 
terial forms,  fresh  and  recurrent  cases  of  dendritic,  eczematous  and 
parenchymatous  keratitis,  trachoma,  seriient  ulcer,  rheumatic,  luetic 
and  gonorrheal  iritis,  the  last  usually  associated  with  old  and  unhealed 
urethritis,  and  the  imi)ortant  group  of  ocular  signs  and  symptoms 
characteristic  of  general  toxic  diseases. 

Conjunctivitis,  the  reactive  response  of  the  eye  to  exposure  to  sun, 
wind,  dust,  infection,  cold,  gas,  enforced  uncleanlincss  of  battle  and 
the  unnatural  strain  put  upon  even  normal  eyes,  is  obviously  the  most 
common  of  medical  conditions.  In  Saint-Martin's  experience  88  per 
cent,  of  the  medical  eye  conditions  Avere  acute  and  chronic  conjunc- 
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tivitis.  No  great  epidemic  of  conjunctivitis  has  appeared,  however, 
in  spite  of  the  unprecedented  numbers  of  men  engaged  in  this  greatest 
of  wars,  a  matter  of  historical  contrast  when  the  situation  of  Hanni- 
bal's  army  during  their  winter  camp  in  Italy,  the  prevalence  of  oph- 
thalmia in  Europe  during  the  Napoleonic  wars  and  its  frequency  in 
the  American  Civil  war  are  recalled.  Small  localized  epidemics  have 
occurred,  like  that  reported  by  Kershner  at  Camp  Sherman,  where 
during  the  last  three  months  of  1917  over  1200  men  were  affected  with 
acute  catarrhal  inflammation  of  the  eyes.  The  pneumococcus  was  the 
organism  most  frequently  found,  with  Koch-Weeks  and  Morax-Axen- 
feld  infections  in  small  number  and  rare  gonorrheal  involvement. 
Xerosis  bacilli  and  various  types  of  staphylococci  v^'ere  also  held  re- 
sponsible in  a  few  cases  but  the  striking  feature  was  tlie  large  per- 
centage of  cases  showing  no  organism. 

The  causes  considered  responsible  for  this  epidemic  are  crowded  con- 
dition of  men  and  their  close  association  either  at  work,  at  play  or  at 
rest ;  that  it  began  after  cold  weather  had  set  in,  and  to  make  the  most 
of  the  artificial  heat,  ventilation  was  defective  in  these  rapidly-con- 
structed semi-permanent  quarters.  As  regards  cases  of  conjunctivitis 
in  which  no  bacteria  were  found,  the  question  arises  as  to  whether  it 
could  be  mechanical  and  due  to  "cold,"  dust,  smoke  and  the  crowded 
proximity  of  the  men. 

The  factor  "cold"  includes  wind  with  a  low  temperature,  and  low 
external  temperature  alternating  with  the  humid  warm  atmosphere 
of  the  artificially  heated  barracks.  There  were  two  sources  of  dust — 
the  dust  in  the  air  from  sweeping  and  the  tramping  on  the  floors,  and 
dust  from  the  roads  aided  by  tlie  smoking  of  the  men,  and  gas  from 
stoves. 

(Relativel}'  few  cases  of  gonorrheal  conjunctivitis  appeared  in  the 
U.  S.  Army  owing,  probably,  to  the  high  moral  tone  of  its  mission  in 
the  war,  to  the  care  taken  to  educate  the  men  as  to  the  dangers  of 
gonorrheal  infections  in  general  and  to  the  promptness  with  which 
urethral  infections  were  placed  under  vigorous  medical  care.  Gassing 
was  responsible  for  much  of  tlie  conjunctivitis  and  this  form  of  inflam- 
mation was  often  highly  resistant  to  treatment.  The  importance  of 
prompt  and  skilled  care  in  cases  of  purulent  conjunctivitis,  especially 
of  the  gonorrheal  type,  is  shown  by  Cirincione's  statement  (Policlinico, 
June  10,  1917,  p.  757)  that  in  his  rounds  as  an  inspector  in  the  Italian 
Army  he  encountered  200  cases  of  loss  of  one  or  both  eyes  due  to  puru- 
lent conjunctivitis  which  had  been  untreated  or  poorly  treated  until 
loo  late. 

^lagitot   (A)ni.  d'Ocul.,  cliii,  6)  has  seen  a  large  number  of  soldiers 
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with  kerato-eoiijunctivitis  accompanied  by  uasal  lesions.  The  nasal 
lesions  in  one  hundred  such  cases  were  acute  rhinitis  30  per  cent. ; 
atrophic  rhinitis  5  per  cent. ;  tertiary  syphilis  in  nose  7  per  cent. ; 
maxillary  or  frontal  sinusitis  13  per  cent. ;  nasal  polypi  2  per  cent. ; 
hypertrophy  of  lower  turbinates  15  per  cent,  and  septal  deviations  25 
per  cent.  In  cases  of  this  sort  the  conjunctiva  is  congested  but  without 
muco-purulent  secretion,  tlie  cornea  is  slightly  hazy  and  a  few  small 
and  shallow  ulcers  appear  at  the  limbus.  The  process  keeps  pace  with 
the  progress  of  the  intranasal  situation  and  a  permanent  cure  is  pro- 
duced only  by  the  correction  of  the  basic  nasal  disorder. 

Among  the  interesting  and  uncommon  forms  of  conjunctivitis  that 
which  occurs  as  a  metastatic  complication  in  bacillary  dysentery  has 
been  noted  by  many  observers.  Cossc  and  Delord  {Ann.  d'Ocul.,  cliv, 
1)  report  twelve  such  cases.  In  four  the  conjunctivitis,  which  ap- 
peared on  the  fifth  to  the  twelfth  day  after  the  onset  of  the  dysentery 
was  of  a  mild  type  and  cleared  in  from  six  to  seven  days.  In  the  re- 
maining cases,  however,  the  conjunctivitis  appeared  simultaneously 
with  a  polyarthritis  of  the  knee,  elbow,  tibio-tarsal  and  shoulder 
joints.  In  one  case  the  conjunctivitis  preceded  the  dysentery  which 
was  more  severe  in  this  entire  group  having  arthritic  complications. 
Both  e.yes  were  affected  at  the  outset,  the  inflammation  being  limited 
to  the  lower  lid  in  the  milder  cases  and  being  more  marked  in  the 
lower  lid  in  the  severer  form.  As  the  scanty  secretion  lacks  pathogenic 
bacteria  and  the  clinical  evolution  of  these  cases  is  entirely  different 
from  that  occurring  in  bacterial  infections,  the  conjunctival  reaction  is 
evidently  of  toxic  rather  than  of  bacterial  origin.  One  patient  ex- 
hibited an  iritis  and  a  marginal  keratitis. 

]Morax  saw  one  case  in  an  epidemic  affecting  250  men  in  the  barracks. 
The  conjunctival  disturbance  occurred  at  the  end  of  the  second  week 
of  Ihc  disease,  and  on  tlie  thirty-fifth  day  became  complicated  by  a 
relapsing  iritis  in  the  right  eye.  He  agrees  with  Feissinger  and  Leroy, 
wlio  cojisider  the  articulo-ocular  syndrome  as  analogous  to  the  blen- 
norrheic  syndrome. 

]\rcKee  (loc.  cit.)  states  that  "conjunctivitis  has  been  associated  Avith 
dysentery  often  enough  to  excite  notice  "and  relates  further  that  he 
himself  developed  severe  conjunctivitis  during  convalescence  from 
dysentt'ry,  the  conjunctivitis  being  prodromal  to  an  acute  polyarthritis. 

Maxwell  and  Kiep  observed  six  cases  of  iritis  or  eyclitis  in  patients 
infected  with  bacillus  dysenterias  in  the  Mediterranean  region,  in  four 
of  them  with  arthritis.  They  concluded:  (1)  Patients  suffering  from 
:m  infection  by  bacillus  dysenteria'  (Shiga)  may  occasionally  develop 
anterior  uveitis  as  a  result  of  this  infection,  as  pointed  out  by  IMorax. 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN    13!Ja3 

(2)  This  ocular  affection  may,  or  may  not,  be  accompanied  by  articu- 
lar manifestations.  (3)  The  ocular  affections  would  appear  to  occur 
most  frequently  about  one  month  after  the  first  signs  of  involvement 
of  the  linwcl,  but  may  occur  as  early  as  the  twelfth  day.  (4)  The 
articular-ocular  syndrome  corresponds  exactly  to  that  occurring  in  an- 
other aft'ection  of  a  mucous  tract,  viz.  gonorrhea,  as  pointed  out  by 
Garrod. 

Early  in  the  war  it  was  evident  that  the  unhindered  spread  of  tens 
of  thousands  of  refugees  from  Galicia  and  from  those  portions  of 
Russia,  Austria,  the  Balkans,  Arabia  and  Turkey  which  have  been 
the  immemorial  hotbeds  of  trachoma,  would  leave  its  baneful  wake 
among  the  populations  through  and  into  which  the  afflicted  subjects 
filtered.  That  this  actually-  occurred  is  told  by  Koenigstein  {Wien. 
Med.  Woch.,  March  16  and  23,  1918)  who  states  that  trachoma  ex- 
tended over  all  Austria,  being  especially  frec|uent  in  Galicia.  The 
painstaking  routine  examination,  segregation  and  treatment  of  the 
great  labor  companies  introduced  into  France  from  China  and  Egypt 
not  only  jDrevented  the  spread  of  the  disease  to  the  soldier  and  civilian 
populations  but  led  to  the  control  or  cure  of  the  disorder  among  the 
importees.  Nineteen  per  cent,  of  the  Egyptians  and  9  per  cent,  of 
the  Chinese  had  active  trachoma.  These  laborers  were  divided  into 
groups  with  clean  eyes,  those  with  conjunctivitis,  and  the  trachoma- 
tous. They  were  formed  into  companies  of  500  each  and  the  in- 
fected cases  sent,  if  possible,  into  an  area  where  they  could  Avork 
under  the  supervision  of  a  medical  ofRcer  experienced  in  ophthalmic 
work.  All  the  clean  companies  were  treated  routinely  with  zinc 
drops  and  the  universal  drop  treatment  Avas  carried  out  daily  among 
the  infected  companies,  the  men  forming  in  squatting  rows  and  draw- 
ing doAvn  their  loAver  lids  Avhile  they  looked  upward.  A  native  or- 
derly passed  rapidly  along  and  dropped  two  drops  of  the  following 
solution  into  each  eye :  Acid  boric  gr.  10,  Zn.  sulph.  gr.  2 ;  Aciuae  to 
one  fluid  ounce.  In  this  way  a  Avhole  company  could  be  treated  in 
20  minutes.  The  object  of  this  treatment  was  to  keep  the  men  fit  and 
to  prevent  the  spread,  rather  than  to  cure  the  condition  and  as  a 
result  the  sickness-hours  among  the  infected  companies  did  not  ex- 
ceed those  of  the  clean.  On  no  account  Avas  a  man  transferred  from 
an  infected  to  a  clean  company. 

Zimmer  met  Avith  27  per  cent,  of  occurrence  of  trachoma  in  a 
ten  months'  service  and  found  that  50  per  cent,  of  the  Russian  pris- 
oners whom  he  cared  for  in  Germany  Avere  infected.  Ho  noted  rapid 
improA'ement  through  the  routine  employment  of  10  per  cent,  copper 
sulphate    in    glycerine,      von    Hoor    (Abstr.    Anier   Jour.    OphthaL, 
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March,  1918,  p.  3S)  found  in  Anstria  that  a  considerable  number  of 
trachoma  patients  in  and  near  the  ag-e  of  liability  to  military  service, 
were  skillful  in  escaping  all  attempts  at  supervision  and  treatment. 
This  practice  was  overcome  by  the  military  authorities,  both  in  the 
interests  of  the  army  and  of  general  prophylaxis,  by  refusing  to  ac- 
cept trachoma  as  excluding  the  patient  from  military  service,  and 
also  by  placing  all  trachoma  patients  who  were  liable  to  military  serv- 
ice in  military  institutions,  under  the  care  of  special  physicians,  until 
they  were  completely  cured,  after  which  they  were  sent  for  military 
service  or  were  dismissed,  according  to  the  age  at  M'hich  the  cure 
was  effected.  The  average  length  of  treatment  Avas  four  months,  and 
about  80  per  cent,  of  the  patients  were  cured  within  the  period  of 
liability  to  military  service.  During  the  service  age  the  trachoma 
patients  were  given  regular  military  training  at  the  garrison  hos- 
pitals. 

It  has  become  general  opinion  that  the  trachomatous  men  should 
not  be  rejected  but  should,  instead,  be  segregated  and  treated  until 
tlie  disease  is  cured,  at  which  point  a  reexamination  determines  the 
'  degree  of  vision  and  its  practicability  for  military  service. 

Nephritis  in  the  soldier  and  its  ocular  vianifestaiions.  Acute 
nephritis  was  not  important  in  warfare  until  the  present  time,  Avith 
the  exception  of  the  American  Civil  Avar,  Avhen  14,000  cases  Avere 
recorded.  In  1915  according  to  Fritz  {Jour.  A.  31.  A.,  July  19,  1919, 
p.  168)  it  appeared  among  the  combatant  troops  of  both  sides  and 
reached  a  point  among  the  British  in  1917-1918  AAiiere  it  represented 
about  5  per  cent,  of  all  medical  casualties  sent  from  the  line. 

Kayser  (Berl.  Klin.  Woch.,  Sept.  18,  1916,  p.  1043)  reports  the  de- 
velopment of  herpes  o\"er  the  AA'hole  loAA^er  part  of  the  face  in  a  case 
of  Avar  nephritis  convalescent  from  uremia.  One  eye  became  intlamed 
and  papillitis  and  blindness  in  this  eye  ensued.  The  other  eye  Avas 
not  affected  and  complete  renal  recovery  ensued.  EA'ans  {'Trans. 
Ophthal.  Soc.  U.  K.,  Vol.  XXXVII,  p.  238)  examined  the  fundi  of 
100  cases  Avhich  had  been  referred  by  competent  internists  avIio  had 
made  a  diagnosis  of  Avar  nephritis. 

Normal  fundi  Avere  found  in  43,  Avhile  changes  Avere  noted  in  the 
fundi  in  57  per  cent.,  the  fundus  changes  being  involvement  of  the 
optic  nerve  and  retina  in  39  cases  and  of  the  choroid  in  34.  These 
changes  are  slight  and  must  be  looked  for  Avith  a  dilated  pupil  and 
by  direct  retinoscopy  lest  they  be  overlooked.  Many  of  the  lesions 
Avere  doubtfully  pathological  both  in  the  retina  and  choroid  and  in 
only  one  case,  a  man  of  56,  evidently  affected  Avith  chronic  Bright 's, 
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was  tlie  classical  a})]K^ai'an('('  of  llic  iKMiini-rliauic  iicnro-rot  iuitis  ol 
albuminuria  observed. 

The  process  in  both  retina  and  clioi'oid  appeal's  to  l)e  of  a  low  in- 
flammatory nature,  giving  rise  to  slight  edema  of  the  disc  and  adja- 
cent retina  and  occasionally  to  a  few  fine  retinal  deposits.  Depig- 
mentary  changes  are  set  up  in  the  hexagonal  epithelium  and  choroid 
either  with  or  without  slight  and  fine  ])igmentary  deposits.  Occa- 
sionally more  acute  luit  more  localized  foci  shoAv  as  tine  areolar  spots 
Avith  very  limited  pigmentary  accumulations  at  their  edges.  The 
more  definitely  punched  out  Avhite  spots  with  markedly  pigmented 
rims  have  been  ascribed  to  lues.  The  slaty  patches  are  suggestive  of 
small  choroidal  hemorrhages,  but  this  is  highly  doubtful  as  no  in- 
termediary stage  of  these  has  ever  been  noted.  It  is  possible  that 
they  may  have  been  due  to  small  choroidal  thromboses.  Syphilis  and 
sepsis,  particularly  oral  sepsis,  have  been  suggested  as  possible  causes 
but  no  support  is  given  these  suggestions  by  the  condition  of  the 
fundi.  The  changes,  in  general,  point  to  a  toxic  or  infective  origin 
and  resemble  the  changes  seen  in  advanced  age.  The  nephritis  is  of 
the  type  which  follows  scarlatina  and,  as  des(]uamation  of  the  skin 
and  comparable  decpiamation  of  tlie  I'enal  epithelium  are  character- 
istic of  many  of  these  cases,  it  is  like'y  that  the  changes  are  produced 
by  infecting  agents  and  their  toxic  products.  While  on  duty  at  Malta. 
Kirk  (Brit.  Med.  Jour.,  Jan.  5,  1918:  abstr.  Anicr.  Jour.  OphtJiaJ., 
Apr.,  1918,  p.  275)  had  the  opportunity  of  examining  about  SO  cases 
of  war  nephritis,  all  from  the  ^Macedonian  front. 

These  were  chiefly  young  active  soldiers  betAveen  20  and  30  wlio 
had  sufifered  fairly  severe  exposure  and  strain.  Nearly  all  the  cases 
presented  the  disease  in  a  severely  aeute  form,  and  on  their  admission 
were  mostly  seriously  ill ;  at  that  tiine  there  was  found  invariably 
marked  retinal  congestion  Avith  large  pulsating  veins  but  no  signs  of 
exudation  or  nerA'e  inA'oh'ement.  Some  Aveeks  later  nerA'e  SA^'elling 
and  patches  of  retinal  exudate  were  found  in  some;  this  led  to  re- 
examination of  all  of  the  cases  about  three  months  from  the  onset  of 
their  illness,  and  the  Avriter  Avas  then  able  to  classify  them  as  folloAvs : 

Group  A,  21  cases,  all  couA-alescent  and  Avithout  symptoms  except 
slight  anemia  and  debility  and  no  albumin  in  the  urine,  except  a 
slight  trace  in  a  fcAv.  Retinal  changes  appeared  in  only  four  in- 
stances, and  such  clianges  Avere  slight,  a  few  small  spots  of  exudation, 
a  small  punctate  hemorrhage,  a  sHght  hazii;ess  of  Ihe  disc  edges,  or  a 
little  edema  along  the  course  of  the  A-eins. 

Group  B,  a  series  of  20  cases,  Avhich  had  not  i)rogressed  as  well  as 
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the  others,  showed  albumin  in  small  amount,  and  often  dyspnea  and 
slight  edema ;  8  of  these  showed  minor  retinal  changes  wuth  small  spots 
of  exudate. 

Group  C,  13  in  number,  were  severe  cases  in  vvhich  the  disease  was 
still  marked;  these  were  suffering  from  marked  general  symptoms, 
severe  edema,  a  large  quantity  of  albumin  in  the  urine  and  some- 
times blood;  4  of  these  showed  very  definite  retinal  changes  and  4 
changes  of  slighter  nature. 

As-  far  as  could  be  ascertained,  there  were  no  signs  of  any  other 
complicating  disease,  with  the  exception  that  several  cases  showed 
malarial  infection.  In  none  was  there  any  history  of  previous  kid- 
ney attacks.  In  9  of  the  eases  presenting  the  more  severe  retinal 
changes  a  Wassermann  test  was  done,  and  in  all  of  the  9  the  result 
was  negative. 

Regarding  the  fundus  changes,  it  was  observed  that  while  the  spots 
of  exudate  wore  near  the  disc  and  macula,  the  typical  silvery,  star- 
shaped  figure  was  not  seen.  Hemorrhages  were  uncommon,  and 
when  seen  were  of  the  small  punctate  variety.  The  disc  was  often 
affected,  either  definitely  swollen  or  slightly  indistinct  at  the  edges. 
There  were  small  areas  of  edema,  especially  along  the  course  of  the 
veins. 

In  summarizing,  the  writer  says  that  in  this  disease  the  retina  is 
very  liable  to  be  involved,  although  gross  changes  are  not  evident 
early  and  later  there  may  have  been  absorption;  that  the  pathology 
is  probably  an  acute  congestion  from  some  specific  toxin,  and  that 
the  exudate  clears  up  in  the  majority  of  instances  without  leaving 
permanent  results;  that  the  retinal  changes  do  not  affect  the  prog- 
I  nosis,  except  in  so  far  that  the  severer  these  changes  the  severer  the 
cases,  though  by  no  means  necessarilj^  so ;  and  that  the  condition  is 
one  which  is  probably  allied  to  the  acute  retinitis  of  pregnancy, 
scarlatina,  and  acute  uremia,  and  should  not  be  confounded  with  the 
retinitis  of  chronic  kidne}"  inflammation  with  its  permanent  changes 
in  the  retinal  circulation  vessels  and  tissues. 

Derby  {Amer.  Jovr.  Ophthnl.,  March,  1919,  p.  199)  reports  the 
unique  case  of  a  double  retinal  detachment  occurring  in  trench  ne- 
phritis, with  gradual  reattachment  and  visual  improvement  as  the  renal 
disease  cleared.  The  patient,  19  years  old,  had  suffered  a  severe 
bronchitis  two  years  previously  and  rheumatism  followed  this.  Thir- 
teen days  before  admission  edema  of  the  face  appeared,  followed  a 
day  later  by  dyspnea  and  pains  in  the  legs  and  feet.  The  physical 
examination  showed  marked  edema  of  face,  conjunctiva,  limbs  and 
trunk ;  large  tonsils ;  a  systolic  murmur  in  the  third  intercostal  space 
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and  a  plus  second  sound.  Dullness  Avas  found  in  the  posterior  bases 
but  no  rfdes ;  the  blood  pressure  "was  145/85.  The  urine  was  un- 
mistakably that  of  an  acute  nei^hritis  Avhieli  ran  so  severe  a  course 
lliat  lie  was  on  the  dangerous  list  for  a  considerable  time.  About 
two  )nonths  later  the  only  fundus  change  found  was  obscuration  of 
the  nasal  margins  of  the  discs.  At  this  time,  however,  the  vision 
began  to  fail  and  about  two  weeks  later  little  vision  remained.  Sub- 
sequently the  vision  began  to  return.  About  three  months  after  the 
onset  of  the  nephritic  symptoms  a  very  marked  neuroretinitis  was  ob- 
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Pieids  of  Vision  in  Retinal  Detachment  After  Improvement  Had  Begun.     (Derby.) 


served  with  some  swelling  of  the  discs  and  hemorrhages  and  areas  of 
pigmentation  throughout  the  fundi,  together  with  whitish  areas  of 
degeneration.  These  changes  were  more  apparent  in  the  left  eye. 
Marked  separation  of  the  retina  downward  was  found  in  both  eyes 
reaching  almost  up  to  the  macular  regions  and  the  discs.  Vitreous 
opacities  existed  hi  both  eyes.  At  this  time  the  general  condition  of 
the  patient  had  bettered  decidedly  and  he  stated  that  his  A'ision  was 
considerably  improved.  The  vision  was  6/18  and  6/26  and  the  fields 
.showed  contraction  as  indicated  on  the  chart.  The  urine  had  prac- 
tically cleared. 

During  the  next  three  weeks  a  diminution  in  the  separation  of  the 
retina  in  each  eye  was  observed  and  a  continuous,  though  small,  im- 
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provcniciil  in  llu^  fie'd  oF  A'isioii  \v;is  iiolod.  A  few  t'resli  lieniorrhages 
wow  pi'osoiit  ill  the  fimdi,  Imt  the  separation  liad  disappeared  in  eaeh 
eve  about  a  niontli  after  it  was  first  noted.  Tlie  limits  of  the  field 
liad  praetieally  enlarged  to  normal,  being  42  degrees  upward  in  the 
right  eye  and  46  degrees  in  the  left.  His  vision  at  that  time  was,  right 
6/12  minus,  and  left  6/18  minus.  A  month  after  his  arrival  in 
England  he  was  heard  from  and  was  apparently  progressing  well. 

Hornicker  {Wien.  Med.  Woch.,  No.  25,  1917),  Bergmann  {Deutsch. 
Med.  Woch.,  1918,  p.  520)  and  Wessely  {ArcUv.  Ophthnl,  Nov., 
1917,  p.  538)  also  haA'e  Avritten  on  Avar  nephritis  and  its  oeular  com- 
plications. 

The  cases  of  ocular  disease  following  aniiiyplioid  vaccinaiion  or  in- 
ocidation  Avhieh  have  been  seeii  in  no  small  numbers  probably  repre- 
sent the  eflfeet  of  the  bacterial  endotoxin  either  directly,  or  indirectly, 
by  lighting  up  some  old  process,  particularly  of  venereal  origin. 

Morax  {Ann.  d'Ocid..  cliii,  5  and  ibid,  cliii,  11)  reports  two  cases 
of  herpes  consecutive  to  antityphoid  inoculation.  In  the  first  case, 
a  slight  eruption  of  herpes  on  the  lower  lid  followed  a  second  injec- 
tion, accompanied  by  slight  fever.  A  third  injection,  one  week  later, 
was  followed  by  rigors  and  marked  increase  of  temperature.  A  few 
days  later  lierpes  appeared  on  the  lips  and  nostril  and  behind  the 
right  ear.  Five  days  subsequently  the  right  eye  showed  a  typical  at- 
tack of  herpetic  keratitis.  The  author  also  refers  to  the  following 
three  cases  of  ocular  lesions  following  antityphoid  inoculation,  but 
he  regards  these  as  coincidences:  (1)  Paramacular  retinal  hemor- 
rhage; (2)  paralysis  of  both  external  recti,  associated  with  gener- 
alized paralysis;  (3)  optic  neuritis  due  to  intracranial  neoplasm. 
These  four  cases  were  the  only  instances  of  ocular  lesion  observed 
among  1,700  inoculated  soldiers  whom  he  examined.  The  waiter  re- 
cords another  case  of  herpes  following  a  fourth  antityphoid  inocula- 
tion.    The  eruption  had  occurred  upon  the  face,  eyelids,  and  cornea. 

Gloagen  (Ann.  d'OcnI.,  cliii,  5)  observed  three  cases  of  palpebro- 
ocular  herpes  following  antityphoid  vaccination.  In  the  first  case, 
the  first  two  injections  presented  nothing  of  special  note;  the  third 
was  followed  by  fever,  headache  and  pain  in  the  back,  on  account  of 
which  latter  symptom  lumbar  puncture  was  performed.  On  the  day 
following  the  injection  an  outbreak  of  naso-labial  herpes,  especially 
intense  upon  the  right  side,  occurred.  Three  days  later  the  right  e^-e 
became  congested  with  photophobia,  but  the  patient  was  not  referred 
to  the  ophthalmic  clinic  until  three  days  after  this  when  herpetic 
keratitis  was  noted  the  delicate  ramifications  being  seen  by  means  of 
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fluorescein.  Recovery  took  place  at  the  end  of  18  days  leaving,  how- 
ever, a  fine  corneal  opacity  wliich  lowered  the  visnal  acuity  to  6/10. 

In  the  second  case,  three,  injections  were  made  without  reaction ; 
the  fourth  was  followed  by  fever  and  headache.  The  following  morn- 
ing an  extensive  naso-labial  outbreak  of  herpes  appeared,  especially 
upon  the  right  side;  four  days  later  in  addition  to  the  palpebral 
eruption,  a  typical  herpetic  keratitis  involving  ahnost  the  entire  cor- 
nea was  observed.  Recovery  took  place  at  the  end  of  25  days,  with 
persistence  of  a  slight  opacity  Avhich  reduced  the  visual  acuity  to 
0.2. 

In  the  third  case  the  same  constitutional  symptoms  followed  a  first 
injection.  The  same  night  an  eruption  of  naso-labial  herpes  took 
place  and  the  next  morning  there  was  photophobia  of  the  left  eye. 
Upon  admission  to  the  hospital  three  days  later,  patches  of  herpes 
disseminated  upon  both  lids  of  the  left  eye  Avere  seen.  The  cornea 
was  completely  covered.  Recovery  Avas  sIoav,  requiring  43  days  and 
vision  Avas  reduced  to  1/^10. 

Ginestous  found  that  one  man  AAho  complained  of  impaired  vision 
after  anti-typhoid  inoculation  suff:'ered  from  a  preexisting  albuminuric 
retinitis,  and  another  from  tobacco  amblyopia.  In  a  third  case 
bilateral  keratojunctiA^tis  developed  tAA'o  days  after  a  fourth  injection. 
It  Avas  followed  by  miliary  abscesses  in  the  right  cornea,  and  ulcera- 
tion of  the  left  cornea  Avith  perforation.  The  right  eye  recovered 
full  vision  but  the  left  had  a  central  leucoma.  In  this  case  a  febrile 
herpes,  accompanying  the  temperature  reaction,  may  haA'e  been  due 
to  the  vaccination. 

Calhoun  (Ophthalmic  Record,  Nov.,  1917)  saAv  tAA'o  cases;  one  of 
iritis  arising  one  or  tAvo  days  after  his  first  antityphoid  and  para- 
typhoid inoculation.  The  iritis  cleared  up  in  about  one  month  leav- 
ing full  vision.  The  patient  had  prcA^iously  suffered  a  gonocoecus 
infection.  The  second  patient  dcA'eloped  blurred  sight  Avith  corneal 
deposits,  vitreous  opacities  and  choroiditis  a  fcAV  days  after  his  third 
inoculation.  He  had  a  4  plus  Wassermann.  On  account  of  the  pos- 
sible influence  of  the  A'accination  in  exciting  trouble  Lapersonne 
(Archiv.  d'Ophtal.,  Vol.  35,  p.  449)  urges  that  it  should  not  be  prac- 
ticed on  persons  aa'Iio  have  suffered  from  syphilis,  arthritis,  or  tuber- 
culosis. 

The  eye  affections  that  occur  in  typhoid  and  paratyphoid  fever 
Gilbert  (MiincJi.  Med.  Woch.,  No.  22,  p.  806,  1016)  finds  include 
supraorbital  neuralgia,  AA-hich  he  also  saAV  after  antityphoid  vaccina- 
tions. He  reported  tAvo  cases  of  metastatic  iridocyclitis  occurring  Avith 
paratyphoid. 
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AVessely  {Juc.  cit.)  notes  the  similarity  of  the  courses  of  the  forms 
of  iritis  met  with  in  typhoid,  paratyphoid  and  dysentery. 

Spirochcetosis  ictero-hemorrJiagica  —  Weil 's  disease  —  Infectious 
jaundice.  This  clinical  entity,  traced  l\y  the  Japanese  investigators 
Inadn,  Ido  and  others  in  1914  to  an  organism  found  in  the  blood,  the 
fresh,  eentrifugalized  urine,  or  the  tissues  in  general  which  they  have 
called  Spiroeha?ta  icteroheniorrhagica  and  for  which  Noguchi  has 
suggested  the  name  lepidospira,  was  first  observed  as  a  pathological 
entity  of  unknown  sources  in  the  American  Civil  war,  where  many 
thousand  cases  occurred.  Martin  and  Petit  recorded  the  appearance 
of  the  disease  in  the  French  Army  in  October,  1916,  and  it  was 
noted  among  the  Belgian  troops  in  August  of  the  same  year.  On  all 
fronts  it  w^as  finally  recognized  in  epidemic  form.  Weekers  and 
Firket  {Arch.  d'Ophtal.,  Sept.-Oct.,  1917)  made  the  first  systematic 
ocular  studies  of  the  condition,  which  they  report  in  detail.  The  ocu- 
lar symptoms  met  with  in  the  disease  are  numerous  and  diverse,  in- 
cluding simple  hyperemia  of  the  anterior  segment  of  the  globe,  noted 
in  29  of  Weeker's  and  Firket 's  cases;  congestion  of  the  iris,  seen  in 
7  cases ;  iritis  with  exudation,  noted  in  6 ;  and  sometimes  producing 
synechias ;  optic  neuritis,  2  cases;  ocular  heri)es  with  corneal  in- 
volvement, 1  case  and  conjunctival  jaundice  with  extravasation  of 
blood  beneath  the  conjunctiva.  It  is  observed  that  the  congestion  of 
the  conjunctiva  is  secondary  to  a  more  or  less  pronounced  ciliary  con- 
gestion, which  betrays  the  localization  of  the  causal  spirochete  in 
the  uvea.  The  spirochietes  have  been  found  in  the  blood  and  the  cere- 
brospinal fluid,  as  well  as  in  the  liver  and  kidney,  and  we  need  not 
be  surprised  that  they  become  fixed  in  so  vascular  a  tissue  as  the  uvea. 
Hyperemia  of  the  anterior  segment  of  the  eye,  congestion  of  the  iris, 
and  iritis  are  manifestations  of  different  degrees  of  inflammation  of 
the  uveal  tract.  The  redness  of  the  front  of  the  eye  may  be  discrete, 
but  in  more  marked  cases  the  parts  are  vividly  injected  and  some- 
times intense  reaetional  symptoms  may  be  observed,  as  photophobia, 
watering,  redness  of  the  eyelids,  etc.  When  examined  closely,  the 
redness  is  seen  to  involve  both  the  conjunctival  and  the  ciliary  vascu- 
lar system.  Subjective  symptoms,  as  a  rule,  are  but  slight.  The  pa- 
tient sometimes  complains  of  no  pain,  although  more  often  he  ex- 
periences a  pricking  sensation  and  moderate  pain,  spontaneously  or 
on  pressure.  jModerate  laehrymation  is  the  rule.  Traces  of  secretion 
may  be  found,  but  it  is  scanty  and  does  not  agglutinate  the  eyelids 
during  sleep.  Simple  cases  call  for  no  treatment  beyond  the  use  of  a 
cleansing  lotion.  In  some  instances  hyperemia  of  the  anterior  seg- 
ment gives  place  to  congestion  of  the  iris,  as  recognized  by  pupillary 
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inequality  or  contraction,  .showing  that  tlie  congestion  is  not  equally 
marked  in  the  two  eyes.  The  ocular  complication  may  or  may  not 
coincide  with  an  elevation  of  temperature.  In  grave  cases  there  may 
be  all  the  symptoms  of  iritis,  or  even  of  iridocyclitis.  In  these  forms 
atropine  and  other  remedies  employed  in  iritis  should  be  used. 

The  two  eases  of  optic  neuritis  reported  by  Weekers  and  Firket 
and  similar  cases  observed  by  others  showed  some  loss  of  visual 
acuity  but  no  field  limitation  or  central  scotoma,  and  visual  recov- 
ery was  complete.  These  rapid  changes  are  assumed  to  be  due  to  the 
presence  of  spiroeha^tes  in  the  cerebro-spinal  fluid  of  the  sheath  space 
of  the  optic  nerve,  which  sets  up  changes  in  the  nerves  giving  the 
picture  of  the  benign  optic  retinitis  and  neuroretinitis  in  point. 

Hertel  {Arch.  f.  OphthaL,  Sept.  26,  1917)  injected  into  the  peri- 
toneum and  eye  of  rabbits  and  marmots,  material  from  marmots  dead 
of  infectious  jaundice  and  characteristic  symptoms  resulted,  as  in 
the  work  of  Cost  and  Troisier  on  guinea  pigs.  Spirochietes  were  often 
found  in  microscopical  section  of  the  eye  after  intra-peritoneal  in- 
jection, the  conjunctiva,  uvea,  retina  and  optic  nerve  harboring 
them,  van  Sehevensteen  {Ann.  d'Ocul.,  Dec,  1917,  cliv,  12)  also 
reports  a  case  of  chorioretinitis  from  this  source.  In  another  of  his 
eases  there  were  neuralgic  crises  affecting  the  supraorbital  and  infra- 
orbital nerves  on  the  left  side  with  accompanying  photophobia  and 
tearing  but  without  ophthalmoscopic  changes.  A  third  case  com- 
plained of  severe  pain  around  and  in  the  eyes  and  signs  of  a  past 
iritis  were  found  in  one  eye. 

Moret  {Arch.  Med.  Beiges,  Dec,  1917,  p.  1105)  studied  72  cases 
of  spirochetosis  from  the  ocular  standpoint,  two  of  which  developed 
a  definite  iritis.  He  classes  the  lesions  which  appear  in  the  ej^es  dur- 
ing the  congestive  stage  of  the  disease  as  vaso-motor  disturbances 
of  the  external  and  sometimes  of  the  internal  membranes,  the  hypere- 
mia of  the  retina  and  the  uveal  congestion  corresponding  to  the  con- 
junctival congestion  and  the  general  congestive  changes.  During 
the  period  of  anemia,  however,  the  signs  and  sj'mptoms  observed  in 
profound  anemia,  such  as  asthenopia,  and  musca?  volitantes,  are 
seen.  The  retinal  anemia  and  the  apparent  neuroretinitis  which  is 
not  in  accord  Avith  the  functional  disturbances,  are  comparable  to 
the  similar  changes  noted  in  other  forms  of  essential  and  symptoma- 
tic anemia. 

Trench  fever  is  a  disease  which  has  been  recognized  and  dift'er- 
entiated  from  other  morbid  conditions  during  the  recent  war,  Avhere 
it  was  probably  one  of  the  largest  contributors  to  the  diagnosis  of 
"pyrexia    of    uiulctcrminod    origin"    (P.    V.    O.)       l>()jli    tlic    l>ritis]i 
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and  Americau  Trench  Fever  Commissions  have  shown  that  the  body 
louse  is  the  chief  agent  in  tlie  transmission  of  the  virus  from  man 
to  man,  the  inoculation  occurring  probably  by  the  scratching  of  the 
feces  of  infected  lice, into  the  skin  of  men  infested  with  these  vermin. 
From  its  resemblance  to  a  number  of  irregular  febrile  states  such 
as  typhoid,  influenza  and  malaria  and  owing  to  its  variety  of  man- 
ifestation, the  exact  diagnosis  of  the  condition  is  often  difficult.  The 
general  symptoms  are  those  of  fever  which  may  be  relapsing,  con- 
tinuous in  a  form-like  typhoid  or  paratyphoid,  or,  as  Swift  {Jour. 
A.  M.  A.,  Sept.  18,  1919,  p.  807)  says  ''One  single  short  bout  re- 
sembling influenza ;  sudden  onset  with  headache,  general  muscular 
pain  and  anorexia,  as  occurs  in  other  acute  infections.  "Pink  eye" 
often  accompanies  the  early  stage  and  resembles  the  conjunctival 
congestion  so  frequently  seen  in  influenza.  Nystagmus,  elicited  on 
extreme  lateral  rotation  of  the  eyeballs,  may  be  present,  as  in  the 
weakness  of  other  febrile  states." 

All  forms  of  acute  infectious  diseases  have  occurred  among  the 
combatant  troops  of  all  the  armies  engaged  in  the  recent  war  and 
usually  in  epidemic  form.  Cholera,  variola,  dysentery,  typhus,  re- 
current fever,  pneumonia,  meningitis  (which  in  this  war  has  caused 
ten  times  as  many  deaths  as  typhoid),  mumps,  scarlatina,  measles 
and  influenza  appeared  at  various  points  or  w^re  common  to  all  parts 
of  the  field.  The  ocular  findings  and  complications  in  these  out- 
breaks were  the  same  as  those  observed  in  times  of  peace  and  are 
described  in  detail  in  this  Encyclopedia  under  their  respective  head- 
ings. 

In  the  discussion  of  the  psychoneuroses  acute  exophthalmic  goiter 
of  war  was  briefly  touched  upon,  with  the  comment  that  this  prob- 
ably represented  an  induced  endocrine  imbalance  or  possibh^  a  local 
disturbance  of  sympatlietic  innervation  due  to  acute  changes  in  cer- 
vical alignment. 

W.  Johnson,  writing  in  the  British  Medical  Joufual  (March  22, 
1919),  remarks  that  temporarij  e.rophthah)ios  and  other  signs  usually 
connected  with  hyperthyroidism  were  noted  in  soldiers  in  "the  early 
stage  of  advanced  conditions  of  exhaustion."  In  pi-ocess  of  time 
lliis  disappeared  and  llie  patients  Averc  then  classed  in  tlie  large 
group  of  cases  called  neurasthenia,  as  tlu\v  were  indistinguiishable 
from  them.  This  brings  Johnson  to  the  conclusion  that  a  large  num- 
ber of  so-called  psycho-neuroses  are  in  reality  suffering  from  dyscrin- 
ism — their  symptoms  are  due  to  a  state  of  disordered  internal  secre- 
tion— and  are  the  result  of  emotional  exhaustion,  coupled  with,  in 
less  degree,   ])hysi('al   exliaustion.      Many   cases   of  "soldier's  heart," 
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irritable  heart,  neiirastlieiiia  and  "sliell  slioek"  are  really  cases  of 
this  class,  and  Johnson  hints  that  "there  may  liave  been  a  stage  of 
exojilitliahncs  which  was  not  noticed.  He  very  properly  classes  the 
whole  group  under  the  term:  "Exhaustion  syndrome,"  another 
name  for  the  conditions  grouped  under  the  terms  "Nenro-circulatory 
asthenia,"  and   "Hypoadrenia." 

As  a  by-T)roduct  of  war,  among  civilian  war  Avorkers'  engaged  in 
the  manufacture  of  munitions  various  forms  of  chemical  poisoning 
have  been  noted.  Sollier  and  Jousset  (Clin.  Ophthal.,  VlII,  2)  re- 
port 15  cases  of  nitro-phcnol  uplic  iieuyitis  occurring  among  workers 
who  complained  of  cloudy  A'ision,  cramps  and  pricking  sensations 
in  the  legs  after  handling  nitro-phenol  for  some  months.  Examina- 
tion revealed  a  retrobulbar  neuritis  which  usually  terminated  in 
optic  atrophy  and  which  is  believed  to  have  been  caused  by  the  toxic 
action  of  the  nitro-phenol.  As  the  condition  develops  very  slowly, 
cessation  of  the  work  at  tiie  earliest  possible  period  of  the  disorder 
prevents  the  distressing  climax  which  occurred  in  these  neglected 
cases  who  came  under  observation  for  the  lir^;t  time  months  after  the 
onset  of  tlie  visual  disturb;nice. 

TIJE    \'1SUAL    RHQT'n?EaiKNTS    OK    SOLUIPUiS 

The  visual  standards  in  effect  among  the  great  armies  of  the  world 
have  been  shown  Ijy  recent  experience  to  have  no  great  relation  to  mili- 
tary efficiency,  with  the  single  exception  that  the  relatively  small  nu- 
clear forces,  such  as  the  first  B.  E.  ¥.  and  the  U.  S.  Regulai's  in  whom 
normal  vision  was  a  requisite,  proved  their  incomparable  superiority  as 
fighting-men  and  "dead  shots"  over  the  mixed  hordes  that  made  up  the 
armies  in  general  and  most  of  whose  marksmanship  was  puerile  and  in- 
effective. A  trenchant  editorial  in  the  British  Journal  of  Ophthalmol- 
ogy (January,  1918,  p.  40)  clearly  defines  the  feeling  of  many  experi- 
enced medical  men  in  this  matter:  "Up  to  the  present  time  our  mili- 
tary standards  of  vision,  which  govern  the  acceptance  or  rejection  of 
recruits  for  the  army,  have  been  based  upon  theory  and  assumption. 
We  have  little  or  no  information,  derived  from  actual  experimental 
work  ill  connection  with  the  multifarious  functions  that  soldiers  may 
be  called  upon  to  perform,  as  to  what  degree  of  vision  is  compatible 
with  efficiency  in  regard  to  any  particular  form  of  military  duty.  The 
standards  for  the  various  arms  have  been  adopted  on  the  recommenda- 
tion of  military  (not  medical)  of^cers  who  reached  their  conclusions 
independent  of  any  sort  of  experimental  evidence. 

"In   earlier  days  when   fighting  took  place  at  close  i-ange,  general 
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l^hysieal  fitness  was  looked  to  and  the  special  senses  were  but  little 
regarded.  Thus  we  find  that  as  late  as  1837  ability  to  detect  a  person 
at  ten  paces  was  considered  adequate  in  one  continental  army.  With 
the  advent  of  weapons  of  longer  range  and  greater  penetration  it  was 
presumed  that  battles  would  be  decided  at  several  hundred  yards  dis- 
tance and  good  vision  began  to  be  regarded  as  a  practical  necessity. 
Apart  from  other  essentials,  however,  we  now  know  that  artillerj-,  who 
may  never  see  their  target,  are  of  prime  imi^ortance,  while  the  final 
decision  in  modern  war  is  brought  about  by  bombs,  bayonets  and  even 
fists.  It  is  now  recognized  that  battles  are  fought  and  won  by  or- 
ganized hosts  of  specialists  selected  and  classified  according  to  their 
individual  fitness  for  their  particular  functions.  An  army  has  its  eyes, 
its  ears,  its  legs,  and  its  stomach  as  well  as  its  weapons,  and  behind  all 
these  its  'brains.  Not  one,  then,  but  maiiy  standards  of  vision  are  re- 
quired and  a  standard  compatible  with  efficiency  in  one  branch  of  the 
service,  would  be  absurd  if  applied  to  another. 

"When  all  that  is  aimed  at  is  a  small  standing  army  of  picked  men, 
the  question  of  vision  does  not  arise.  It  is  easy  to  adopt  a  high  stand- 
ard and  to  reject  without  further  inquiry  all  recruits  wlio  fail  to  reach 
it.  When,  however,  the  number  of  recruits  required  in  proportion 
to  the  population  begins  to  increase,  the  reasons  for  rejection  require 
examination.  And,  finally,  when  the  manhood  of  a  nation  is  under 
arms  as  in  this  and  in  future  wars,  and  it  becomes  necessary  to  see 
that  the  best  use  is  made  of  each  individual  unit,  theoretical  standards 
can  no  longer  be  accepted  and  the  closest  scrutiny  of  the  subject  be- 
comes essential. 

"It  has  been  said  that  anj^  man  who  is  able  to  earn  a  living  in  civil 
life  is  able  to  be  of  some  use  in  the  army,  and  while  this  generaliza- 
tion must  have  many  exceptions,  especially  when  the  army  is  the  nation 
in  arms,  it  is  a  definite  guiding  principle  that  any  man,  otherwise' 
physically  fit,  whose  vision  is  such  that  he  can  earn  a  living  in  civil 
life,  is  capable  of  efficient  service  in  some  military  capacity.  It  is 
common  knowledge  that  workmen  often  earn  full  wages  with  vision 
that  seems  to  be  astonishingly  inadequate.  It  is  a^so  nei^essary  to' 
remember  that  the  use  of  Snellen's  test  card  affords  an  extremely 
unsatisfactory  index  of  visual  capacity  and  that  the  intelligence  of  the 
individual  is  a  factor  of  the  greatest  importance.  An  intelligent  man 
with  bad  vision  will  be  of  more  us"  than  a  stupid  man  with  mu"h  bet- 
ter sight. 

"The  vision  required  for  the  different  branches  of  the  service  can 
only  be  ascertained  by  experience  and  experiment,  by  observations 
made  on  troops  working  midcr  war  coudilious  and  during  manoiMivres. 
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The  unnecessarily  high  per  cent,  of  present  rejections  arises  from  the 
neglect  of  the  fact  that  visual  efficiency  depends  more  upon  the  intelli- 
gent interpretation  of  retinal  images,  even  if  indistinct,  than  on  the 
mere  existence  of  clear  images. 

"When  so  little  is  really  known  about  the  minimum  vision  com- 
patible with  efficiency  in  any  form  of  employment,  military  or  other- 
wise, it  would  be  futile  to  attempt  any  minute  classification.  With 
regard  to  infantry,  it  should  be  remembered  that  good  vision  is  only 
one  of  the  factors  involved  in  good  shooting,  and,  in  itself,  is  not  a 
dependable  guide.  An  examination  by  Snellen's  types  of  the  visual 
acuity  of  crack  shots  M'ould  surprise  many  theorists,  especially  as  many 
such  men  are  frankly  myopic.  The  soldier  who  is  to  shoot  should 
have  6/12  (corrected)  in  one  eye,  either  the  right  or  the  left.  Men 
who  are  blind  in  one  eye  should  not  be  refused.  Left  eye  shots  and 
those  who  shoot  with  both  eyes  open  have  been  found  to  make  good 
marksmen  and  are  accepted  in  the  French  army  and  probably  in 
others.  The  abilities  of  men  Avitli  only  uniocular  vision  in  civil  life 
should  be  taken  into  consideration  and  a  practical  view  should  be 
taken  of  this  question.  ]\Ien  with  strabismus,  unilateral  amblj'opia, 
cataract,  traumatic  optic  atrophy  and  a  large  number  of  other  non- 
progressive morbid  conditions  in  one  eye,  find  themselves  in  no  way 
impeded  in  civil  life  and  need  be  no  less  efficient  as  private  soldiers 
than  as  generals  and  admirals.  The  question  of  testing  recruits  out 
of  doors  at  a  distance  greater  than  20  feet,  also  requires  consid- 
eration." 

In  a  report  of  the  committee  appointed  by  the  Council  of  the  Oph- 
thalmological  Society  of  the  U.  K.,  the  following  is  found: 

"The  general  principles  which  should  be  taken  into  consideration 
in  fixing  a  standard  of  vision  for  enlistment  into  the  army  are  as 
follows : 

"1.  That  a  man's  united  sight  should  be  sufficient  to  enable  him 
to  find  his  way  about  in  bright  and  dim  lights  and  be  such  as  will 
prevent  him  from  being  a  danger  to  his  fellows. 

"2.  That  he  should  not  suffer  from  any  progressive  disease  of  the 
eye,  or  one  likely  to  recur, 

"These  two  general  principles  apply  to  all  branches  of  the  service, 
combatant  and  non-combatant." 

McKee  {Canadian  Med.  Jour.,  Feb.,  1918,  p.  108),  -whose  large 
practical  experience  and  keen  observation  make  his  comments  worthy 
of  note  and  of  consideration,  voices  the  opinion  of  many  when  he  says 
"I  feel  that  a  standard  of  vision  without  glasses  should  be  insisted 
upon,  for  T  believe  that  a  recruit  Avith  6  '24  vision  in  the  right  eye  is 
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a  moi-e  usei'iil  soldier  than  one  with  (i/12  vision  in  the  right  eye  by 
means  of  glasses.  My  experience  aftei-  four  years  is  that  the  man 
with  6/24  vision  without  glasses  is  mueh  to  be  preferred.  There  is 
only  one  reason  which  warrants  pi-escribing  glasses  for  a  soldier,  and 
that  is  that  by  prescribing  glasses  yon  change  liim  from  an  unfit  to 
a  fit  soldier.  To  my  mind  there  is  no  other  excuse  which  warrants 
])utting  glasses  on  a  soldier,  anil  1  consider  the  wholesale  refraction 
of  Iroops  aiul  the  sui)ply  of  glasses  to  combatant  forces  a  grave  mis- 
take. Where  glasses  are  ordered,  I  feel  they  should  be  as  simple  as 
possible.  It  is  an  error  to  give  a  soldier  with  normal  vision  lenses 
correcting  small  degrees  of  astigmatism  and  hyperopia." 

McKee's  views  are  substantiated  and  emphasized  by  the  experience 
of  Wallace  {Trans.  Ophthal  Soc.  U.  K.,  Vol.  XXXVII,  p.  349)  who 
decries  those  standards  of  vision  Avhicli  put  a  man  who,  without 
glasses  has  a  vision  of  6,  60  to  6/20,  brought  to  6/12  or  better  by 
glasses,  into  the  category  of  a  first  class  fighting  man.  Experience 
has  proven  indubitably  that  such  men  are  broken  reeds  in  the  stress 
of  warfare,  being  made  inefficient  at  once  if  their  glasses  are  broken 
or  lost,  and  often  becoming  dependent  as  Avell  and  as  much  trouble 
as  a  genuine  casualty. 

Such  standards  allow  men  with  grave  visual  defects,  high  myopia, 
dense  nebula^  old  iridic  adhesions,  optic  atrophy,  disseminated  cho- 
roiditis, retinitis  pigmentosa,  cataract,  aphakia,  vitreous  opacities, 
amblyopia  from  strabismus  and  exano])sia,  in  fact  almost  an  index 
of  ocular  disease  to  pass  such  tests.  Shooting  at  long  ranges  is  hard 
on  even  the  best  of  eyes.  The  concentrated  attention  necessary,  the 
sunlight,  wind,  dust  and  the  irritation  of  gases  arising  from  burnt 
powder  tax  the  eye  tissues  to  the  limit  and  are  bound  to  make  any 
ocular  defect  most  ap])a]'ent  at  such  times.  Shooflug  with  glasses, 
especially  with  the  high  corrections  usually  required  in  the  ocular 
conditions  M'hich  have  reduced  the  acuity  to  a  border-line  degree,  is 
almost  useless,  and  is  certainly  harmles:-;  to  the  enemy. 

Most  shooting  is  done  from  tlie  pi'one  ])osition,  in  Avhich  the  pris- 
nuitic  deflection  and  the  distoi-tion  caused  by  the  oblique  vision 
through  the  upper  part  of  the  lenses,  about  12  mm.  from  its  center, 
heconu's  ])ai-ticularly  evident.  Deej)  meniscus  lenses  and  strong 
decent  rat  ion  would  meet  this  issue  but  they  are  as  impracticable  as 
would  be  the  adoption  of  a  lens  position  designed  for  shooting  only. 
The  natural  position  for  a  shooting  glass  is  that  which  keeps  the  lens 
parallel  with  the  corneie  in  the  shooting  position,  the  glass  being  ver- 
tical in  such  a  position  so  that  the  eyes  can  look  directly  through  the 
lenses    rallier   than    ;il    ;iti    angle.      Lenses  so    placed,   however,    are   so 
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forced  off  position  that  they  would  be  equally  impractical  for  other 
uses.  Stock  investigated  the  question  of  the  direction  of  the  line  of 
vision  through  a  glass  in  shooting  and  concludes  that  the  minimum 
vision  for  an  infantryman  is  8/10  and  that  the  correction  must  be 
accurate,  as  an  error  of  Yo  D.  may  i-ender  vision  insufficient.  Astig- 
matism must  be  corrected  to  within  0.25  1).  He  finds  that  glasses 
which  cause  an  astigmatism  of  ^U  D.  when  looked  through  obliquely 
are  not  useful  and  faults  of  adjustment  are  incessant  in  the  physical 
hardships  of  war.  Glasses  are  seldom  worn  in  trench  warfare  for, 
when  worn  beneath  a  gas  ma.sk,  it  is  impossible  to  keep  them  clear  of 
moisture  and  sweat.  An  additional  disadvantage  in  admitting  men 
with  glasses  among  the  fighters  is  that  the  demonstration  to  a  man 
of  an  optical  defect  provides  him  with  an  obvious  method  of  evading 
irksome  duty,  or,  i!*  his  glasses  are  broken  by  accident  they  form  an 
excuse  and  often  a  necessity  for  reporting  sick.  With  the  use  of  gas 
masks  particularly,  myopes  of  more  than  8  D.  are  placed  at  an  im- 
possible disadvantage  as  they  would  be  unable  to  find  their  way 
about  without  their  glasses  when  compelled  to  don  a  mask. 

McKee  clearly  states  that  ''The  examination  which  consists  only 
of  sight-testing  must  prove  unsatisfactory.  The  soldier  should  always 
have  a  good  field  of  vision  in  each  eye,  and  his  eyes  should  be  prac- 
tically free  from  disease.  We  demand  that  the  right  eye  must  be 
the  good  one.  The  general  objection  given  for  not  allowing  shooting 
from  the  left  shoulder  is  the  difficulty  in  teaching  the  recruit  to  get 
the  necessary  'rounds'  per  minute  and  that  in  the  trenches  men  firing 
from  the  left  shoulder  are  more  or  less  of  a  nuisance  to  the  right 
shoulder  shots.  Whilst  conditions  are  bound  to  change,  standards  of 
vision  that  have  been  latterly  adopted  seem  to  me  fairly  satisfactory. 
I  would  certainly  recommend  no  further  lowering  of  the  standard. 
For  it  is  to  be  remembered  that  one  has  to  consider  not  only  vision 
by  day,  but  bear  in  mind  the  importance  of  vision  by  night.  Sentry 
duty  at  night  is  of  course  one  of  the  most  important  duties  of  the 
soldier.  There  are  in  the  service  men  with  less  than  the  standard 
vision,  men  who  are  not  even  fit  for  home  guard  dutj',  passed  from 
one  service  to  another,  and  from  one  hospital  to  another  in  an  ex- 
tremely vicious  circle,  no  one  evidently  with  the  courage,  or  whatever 
is  required,  to  say  that  this  man  is  useless  in  the  army,  get  him  back 
to  civilian  duty.  It  is  so  simple  to  pass  a  recruit  not  up  to  the 
standard,  but  it  is  exceedingly  difficult  to  get  the  army  rid  of  this 
man,  be  he  as  useless  as  possible.  Lowering  the  standard  and  enlist- 
ing men  who  fall  below  the  prescribed  standard,  does  no  good  in  the 
Avay  of  helping  national  defence.     On  the  other  hand,  it  does  a  great 
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deal  of  harm,  as  a  useless  individual  in  the  army  is  much  more  of  a 
nuisance  and  does  more  harm  than  a  useless  individual  in  civilian 
life.  The  question  of  standard  of  vision  is  bj^  no  means  a  simple  one, 
for  no  matter  wliat  actual  standard  is  demanded  there  will  always 
be  found  men  witli  that  standard  who  are  unfit  and  men  below  the 
standard  who  are  fit.  So  much  depends  upon  the  individual  whether 
he  is  'keen'  or  not.  I  consider  a  soldier  who  is  anxious  to  do  his 
duty  and  has  only  6/24  vision  in  each  eye,  infinitely  more  useful  and 
a  better  soldier  in  every  respect  than  the  disgruntled  one  with  6/6 
in  each  eye.  There  is  also  a  certain  proportion  with  mental  ambly- 
opia, among  whom  the  amount  of  vision  is  not  much  of  an  indication 
of  their  usefulness.  The  military  point  of  view  should  t«ach  a  med- 
ical officer  to  judge  his  patient  and  considerable  latitude  should  be 
allowed  to  the  militarj^  ophthalmologist  as  to  who  'sees  to  shoot'  and 
who  'sees  enough  for  ordinary  purposes.'  " 

McKee  criticizes  the  general  demand  for  various  standards  of 
vision  to  accord  with  the  necessities  of  the  form  of  militarj^  work  to 
be  done,  on  the  ground  that  "What  actually  happens  is  that  a  man 
with  vision  compatible  with  efficient  service  in  one  branch  is  trans- 
ferred to  another  where  his  vision  makes  him  inefficient  and  perhaps 
a  nuisance.  Men  are  constantly  changed  from  one  service  to  an- 
other, and  in  cases  of  great  emergency,  such  as  have  occurred  in  the 
not  distant  past,  even  non-combatant  units  have  been  called  upon 
constantly  to  take  np  combatant  duty.  It  has  been  suggested  that 
it  is  easy  to  adopt  a  high  standard  of  vision  and  to  reject  without 
further  enquiry  all  recruits  who  fail  to  reach  it.  It  is,  as  a  matter 
of  fact,  not  so  easy  as  it  may  seem,  I  only  wish  it  were,  for,  if  the 
standard  of  vision  had  been  adhered  to,  I  feel  sure  millions  would 
have  been  saved  to  this  country.  Lowering  the  standard  of  vision 
will  increase  the  number  of  passed  recrnits  marked  'fit  for  service,' 
but  it  will  not  increase  the  number  of  bayonets,  and  it  will  verj' 
materially  loAver  the  efficiency  of  the  army. ' ' 

To  show  the  failure  to  live  up  to  the  standards  already  adopted 
McKee  cites  a  number  of  cases,  out  of  hundreds,  in  which  the  men 
had  been  admitted  to  active  service  with  vision  varying  from  blind- 
ness in  olie  eye  and  6/60  vision  in  the  otlier,  myopia  of  25  to  30  D. 
which  gave  only  perception  of  light  to  visions  ranging  from  percep- 
tion of  finger-movement  to  6/36  in  each  eye  produced  by  high  astig- 
matism, nystagmus,  retinitis  pigmentosa  and  the  like.  These  men  are 
absolutely  incapable  of  any  military  work,  but  they  will  all  be  fully 
capable  of  attributing  their  disability  to  service,  and  demanding  a 
pension   when  that  time  comes.     From  the  h)AV  standpoint  of  cost. 
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this  is  a  large  question.  The  medical  officer  Avho  lowers  the  standard 
and  passes  an  unfit  recruit  does  his  countr}'  harm  from  more  than 
one  point  of  view. 

Krucckmann  (Tlcidclhcrg  Opldhal.  Congress,  191G)  includes  in- 
terstitial keratitis,  iritis,  particularly  in  its  plastic  forms  and  iridocy- 
clitis and  glaucoma  among  the  absolute  bars  to  enlistment.  Cirincione 
{loc.  cit.)  further  adds  complete  ptosis,  permanent  obstruction  of 
both  lachrymal  canals  especially  in  view  of  the  unusual  dangers  in 
which  such  cases  are  exposed  in  gassing,  exophthalmos  with  a  pro- 
jection of  over  1  cm.,  total  xerosis,  retinal  detachment,  and  vision  of 
not  better  than  3/10  in  both  eyes.  Vitreous  opacities,  paralytic  and 
cicatricial  lagophthalmos,  essential  nystagmus,  paralytic  strabismus 
and  binocular  diplopia  if  they  represent  permanent  and  incorrigible 
residual  defects  also  furnish  grounds  for  absolute  exclusion.  The 
majority  opinion  seems  to  be  that  while  it  is  justifiable  to  remove 
cataracts,  to  perform  optical  iridectomy,  remove  pterj-gia  and  to  do 
other  operative  work  in  cases  where  this  is  essential  for  vision  of  a 
sort  which  alone  would  make  it  possible  for  a  man  to  partake  of 
some  form  of  auxiliarj-  service,  yet  that  the  correction  of  strabismus 
in  an  amblyopic  or  a  seeing  eye,  the.  removal  of  cataract  when  the 
other  eye  is  normal  and  functioning  well,  and  similar  non-essential 
operations  are  unwise,  especially  as  they  furnish  a  starting  point 
for  malingery  and  for  an  attempt  to  obtain  a  pension.  Miner's 
nj^stagmus,  Avhen  it  appears  only  in  the  dark  and  on  looking  upward 
does  not  interfere  with  the  demands  of  the  service. 

Eelative  to  the  acceptance  of  cases  of  unilateral  vision  from  disuse, 
high  astigmatism  and  aphakia  subsequent  to  traumatic  and  operated 
congenital  cataract  it  may  be  remembered  that  a  certain  amount  of 
vision  returns  to  the  involved  eye  under  the  compulsion  of  use. 
Genet  {Ann.  d'Ocul.,  cliii,  6)  estimated  the  proportion  of  the  blind 
in  one  eye  before  the  outbreak  of  the  war  to  be  0.81  per  1000  among 
men  between  the  ages  of  23  and  42.  Elsehnig  states  that  in  spite 
of  the  great  number  of  myopes  in  the  German  Army  very  few  trau- 
matic detachments  of  the  retina  have  been  observed  among  them  and 
very  fcAV  injuries  from  spectacle  glass  have  occurred.  According 
to  Doyne  {loc.  cit.)  the  continuous  and  excessive  glare  of  the  desert 
in  Mesopotamia  and  similar  latitudes  is  particularly  hard  on  eyes 
with  myopia  or  myopic  astigmatism  of  degree.  With  or  without  cor- 
rection men  so  afflicted  are  of  little  military  value  under  these  try- 
ing conditions. 

Carson,  discussing  greater  than  0.75  D.  is  likely  to  interfere  with 
the  ability  to  sharply  focus  both  of  the  interesting  lines  in  the  tele- 
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scopic  sights  of  the  large  guns.  A  marked  amount  of  hyperopia  is 
undesirable  in  a  gunpointer  since  in  the  stress  of  practice  or  in 
action  the  vision  may  become  blurred  from  relaxation  of  the  accom- 
modation in  the  same  manner  as  occurs  not  infrequently  after  civil- 
ian accidents  and  nervous  shocks.  To  a  similar  origin  may  also  be 
ascribed  the  not  unusual  cases  of  diplopia  and  the  rarer  nystagmus 
which  follow  the  extraordinary  straining  and  psychic  changes  of 
battle.  Here  a  simple  heterophoria  of  low  degree,  but  previously 
latent,  has  become  manifest  muscle  imbalance. 


THE   WELFARE    OF   THE    ^VAR   BLIND. 

The  warm  and  sympathetic  response  throughout  the  world  to  the 
peculiar  handicaps  and  problems  of  the  men  blinded  in  war,  the 
world-wide  recognition  of  the  debt  owed  these  men  for  the  fullness 
of  their  sacrifice  in  the  common  interests,  the  centralization  of  effort 
in  behalf  of  their  immediate  mental  rehabilitation,  their  subsequent 
training  and  their  final  position  in  the  world  of  workers,  and  finally 
the  earnest  and  energetic  reaction  of  the  blinded  themselves  to  their 
own  situation,  have  transformed  a  problem  which  threatened  to  be- 
come one  of  the  saddest  of  the  war,  to  one  of  the  most  cheering 
demonstrations  which  the  world  has  ever  witnessed  of  the  ability  of 
men  to  conquer  their  gravest  physical  handicaps  with  serenity. 

Probably  the  most  convincing  contributions  to  the  solution  of  this 
problem  are  those  relating  to  the  success  of  the  institution  estab- 
lished at  St.  Dunstan's,  in  London,  England,  by  Sir  Arthur  Pear- 
son, no  less  than  to  the  personal  inspiration  of  this  blind  leader  him- 
self. Lawson  (Abstr.  Amer.  Jour.  OphthaL,  Jan.,  1918,  p.  242)  gives 
an  excellent  account  of  the  work  at  St.  Dunstan's.  "In  addition 
to  the  London  accommodations  for  four  hundred  men,  four  con- 
valescent homes  outside  the  metropolis  .serve  a  useful  purpose  in 
providing  the  men  with  trips  for  rebuilding  their  health.  The  con- 
dition of  admission  is  that  the  patient's  sight  shall  have  been  so  in- 
jured that  he  is  incapable  of  leading  an  independent  existence.  The 
great  factor  in  the  success  Avhich  has  attended  St.  Dunstan's  is  stated 
to  be  the  youth  of  most  of  the  patients.  Lawson  remarks,  it  is  far 
better  to  go  blind  young  than  to  lose  sight  after  middle  age.  The 
men  are  taught  to  shun  self-pity,  and  are  encouraged  to  accept  their 
lot  as  an  inconvenience  and  not  as  a  disability.  A  further  important 
point  in  training  is  the  teaching  of  independence. 

"In  actual  training  the  blind  men  are  given  a  working-day  of  four 
hours,  two  hours  being  given  up  daily  to  the  studv  of  Braille  and 
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typewriting,  and  two  hours  to  the  learning  of  handicrafts  or  trades. 
It  is  found  that  the  intense  concentration  necessary  in  the  blind,  for 
mental  visualization  of  everything  thatjs  learned,  produces  fatigue 
in  a  relatively  short  time.  Two  of  the  rouglier  ti-ades  are  usually 
learned  by  each  man  ;  except  in  the  case  of  a  few  who  are  especially 
adapted  to  such  occupations  as  nuissage,  ])oultry-fai'ming,  and  tele- 
phoning. " 

In  opening  a  discussion  on  the  employment  of  the  blind,  Pearson, 
who  is  himself  blind,  emj^hasizes  the  importance  of  utilizing  blind 
teachers  for  the  teaching  of  the  blind.  The  blind  teacher  is  paid  a 
salary  on  the  regular  basis.  Nothing  is  more  encouraging  to  the 
blind  man  than  to  be  taken  hold  of  and  shown  how  to  do  things  by 
one  who  was  himself  blinded  only  a  few  months  earlier. 

"At  St.  Dunstan's  the  writing  of  shorthand  is  mastered  by  the 
blind  in  seven  or  eight  mc.nths,  and  these  blind  men  have  shown 
themselves  capable  of  doing  efficiently  the  ordinary  work  of  short- 
hand correspondence  clerks.  The  blind  man  is  taught  not  only  to 
Avork  but  also  to  play;  his  recreational  opportunities  including  read- 
ing and  typewi-iting,  playing  games,  and  playing  on  some  musical 
instrument,  or  singing.  A  great  deal  of  attention  is  devoted  to  phy- 
sical exei-cise,  Avhich  includ(>s  rowing,  walking,  swimming,  and  tan- 
dem-cycling." 

In  the  third  annual  report  of  St.  Dunstan's  Sir  Arthur  Pearson 
contests  the  German  estimate  of  two  thousand  blind  in  the  spring 
of  1917,  within  the  definition  of  blindness  (V.  equals  l-25th)  ac- 
cepted by  the  German  War  Office.  At  that  date  the  English  figure 
was  about  800  and  the  French  2,500. 

The  War  Risk  Insurance  Bureau  has  issued  the  statement  {Jour. 
A.  M.  A.,  May  10,  1919,  p.  1373)  that  about  125  men  of  the  Amer- 
ican Expeditionary  Force  were  blinded  in  the  war,  and  the  experi- 
ence of  the  French  indicates  that  less  than  one-half  of  1  per  cent,  of 
the  soldiers  wounded  in  battl(>  are  blinded,  the  accepted  definition 
of  blindness  being  that  degree  of  visual  loss  which  prevents  the  per- 
formance of  work  for  which  eyesight  is  essential. 

Casey  A.  Wood  {Amer.  Jour.  Ophtlutl.,  Jan.,  1919,  p.  47)  gives 
an  excellent  summary  of  the  work  accomplished  for  America's  war 
blind.  A  careful  study  was  made  of  the  methods  in  successful  use 
in  other  countries  and  these  were  modified  according  to  our  national 
requirements.  As  a  result  there  was  an  immediate  and  organized 
endeavor  to  teach  the  disabled  man  that  his  disability  was  not  hope- 
less as  he  conceived  it  to  be;  that  the  surgeon-general  and  other 
governmental   agencies   would   undertake   to   refit   him    for   industry, 
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liis  indiislriul  training  eontiniiiiig  without  time  limit  until  perfected; 
that  he  and  his  family  would  not  lack  support  while  he  was  under- 
going instruction;  that  his  insurance  compensation  for  disability 
would  not  be  reduced  as  a  result  of  his  increased  powers  through 
re-education ;  that  a  desirable  position  Avould  be  found  for  him  which 
would  enable  him  to  become  an  independent,  self-supporting  citi- 
zen, taking  part  in  and  enjoying  the  daily  life  of  his  own  community 
and  finally,  that  an  aftercare  department  would  look  after  his  inter- 
ests and  find  a  market  for  his  products  when  he  went  out  into  the 
world,  a  department  found  necessary  in  the  early. period  of  his  con- 
tact with  the  world  in  order  to  correct  the  mistakes  which  so  easily 
become  habit  without  the  worker's  Imowledge,  as  well  as  to  protect 
him  against  the  unscrupulous  and  in  buying.  This  cheerful  cam- 
paign, conducted  at  first  by  the  army  nurses  and  medical  officers  was 
nearly  always  successful  after  more  or  less  of  an  initial  moral  strug- 
gle.   As  Wood  says: 

"The  disabled  soldier's  decision  as  to  his  future  must  be  backed 
up  by  the  unhesitating  support  of  his  community.  No  system  of 
governmental  or  private  vocational  education  can  succeed  unless  the 
man's  will  to  succeed  is  stimulated  and  his  ambition  aroused  by  a 
well-developed  public  opinion.  No  Government  bureau  can  exercise 
authority  over  the  man's  personal  will  to  make  or  neglect  his  future. 
For  example,  it  is  easy  to  imagine  what  a  powerful  influence  the 
supporting  opinion  of  the  family  and  of  the  neighbors  may  be  in 
inducing  a  man  to  forego  the  false  glitter  of  an  immediate  job  in 
favor  of  the  sound  metal  of  thorough  training  for  an  independent 
future.  To  convert  the  man  to  the  wiser  view,  it  will  sometimes  be 
necessary'  to  convert  his  family  first.  Certainly  his  friends,  rela- 
tives and  companions  must  believe  in  the  desirability  of  this  victory 
over  wounds,  and  this  will  to  conquer  difficulties,  if  the  disabled  man 
is  to  be  successful  in  the  contest  with  the  powers  of  darkness. ' ' 

It  must  be  remembered  that  many  blinded  soldiers  will,  in  addi- 
tion, be  suffering  from  other  forms  of  disability.  In  blindness  caused 
in  the  industries,  98  per  cent,  of  the  eye  injuries  are  without  such 
complications,  whereas  in  war  40  per  cent,  are  multiple;  that  is, 
these  blind  men  also  have  amputations  of  arms  or  legs,  or  both,  facial 
burns,  destruction  of  jaws,  and  so  on. 

As  soon  as  the  American  soldiers,  blinded  in  battle  recover  from 
their  immediate  wounds  at  the  base  hospital,  the  special  work  for 
them  is  commenced.  At  first,  the  chief  effort  is  to  amuse  them  and 
inspire  them  with  some  degree  of  hope.  Later,  as  the  men  improve, 
they  are  concentrated  at  the  port  of  embarkation  in  France,  nnder 
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care  of  a  special  staff  wliicli  gives  the  necessary  elementary  instruc- 
tion, teaching  the  men  to  get  about  and  care  for  their  immediate 
needs;  in  other  words,  teaching  them  "how  to  be  blind,"  or,  as  Pear- 
son more  cheerfully  expresses  it,  teaching  them  "how  to  learn  to  see." 

On  the  Avay  home  they  are  grouped  according  to  the  degree  of 
i]ijury,  and  upon  arrival  in  the  United  States  they  are  sent  to  the 
United  States  ^lilitary  General  Hospital  No.  7  at  Baltimore  for 
further  medical  and  surgical  treatment  and  special  teaching.  The 
technical  training  given  by  the  Government  is  the  very  best  obtain- 
able and  only  paid  professional  instructors  are  permitted  to  give  it. 
The  idea  of  the  Government  is  to  place  every  blinded  man  in  a  con- 
dition to  take  care  of  himself  and  those  dependent  upon  him. 

Where  it  is  possible  for  a  soldier  to  return  to  his  old  occupation, 
or  one  allied  to  it,  the  aim  is  to  have  him  do  so.  Otherwise  a  special 
suitable  occupation  is  taught,  and  in  many  cases  it  is  hoped  that  the 
man  will  be  able  to  command  a  larger  salary  after  taking  the  train- 
ing than  before  he  lost  his  sight.  Among  the  trades  and  professions 
which  are  taught  are  broom-making,  mattress-making,  rug  and  car- 
pet weaving,  telephone  operation,  farm  work,  mat  making,  tuning 
in  piano  factories,  winding  of  coils  for  armatures,  piano  tuning  as 
an  individual  trade,  salesmanship,  massage,  typewriting  and  dicta- 
phone operating.  There  will  also  be  ample  facilities  for  recreation 
in  the  s 'hool,  including  table  games,  dancing,  singing,  cross-country 
walking,  roller  skating,  attendance  at  theatres,  musicals,  and  other 
entertainments,  medicine  ball,  push  ball,  punching  bag,  relay  races, 
gymnastics,  field  sports,  running,  climbing,  swimming,  diving,  and 
skating. 

The  physical  training  of  the  blind  is  a  most  important  factor  in 
tlieir  progress  in  that  it  makes  up  for  the  lack  of  normal  freedom  of 
bodily  movement  which  otherwise  results  from  the  natural  physical 
restrictions  arising  from  uncertainty  of  the  relation  of  surrounding 
objects.  In  this  connection  Sir  Arthur  Pearson  explains  the  sense  of 
proximity  to  obstacles,  which  is  so  highly  developed  in  the  blind,  as 
due  to  echo,  to  the  difference  of  air  pressure  and  to  differences  of 
temperature.  The  first  is  absent  in  a  carpeted  room,  the  third  only 
slightly  operative,  but  in  the  open  each  plays  its  effective  part.  The 
abiding  danger  to  a  blind  person,  according  to  Pearson,  is  a  door 
half  open  and  where  there  are  blind  people  every  door  should  be 
kept  shut  save  when  it  is  actually  in  use.  It  is  always  best  for  the 
blind  to  walk  erect  so  that  if  an  upright  obstacle  is  encountered  the 
foot  strikes  it  first. 

Some  of  tlie  most  interesting  features  of  the  general  plan  are  made 
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possible  by  the  supplemental  Keel  Cross  appropriation.  The  Red 
Cross  Institute,  for  example,  undertakes  to  provide  a  home  and  trans- 
portation to  Baltimore  for  the  relative  who  will  be  responsible  for 
the  eare  of  Ihe  blinded  man  when  returned  to  his  home.  It  is  the 
iiifcnlioii  h)  inslruri  one  siieh  rehiiive  in  ihe  Government  iniinhiej 
school  si(l(  1)1/  side  n-llh  ihe  blinded  soldier,  <is  is  now  done  in  the 
llrilish  and  Frineh  armies.  The  purpose  is  ihat  ihe  hlind  meui's 
(ainUji  man  b<  informed  as  to  his  dijf'ienliies,  amhiiions,  training, 
and  needs,  so  as  io  prevent  ihe  menial  deterioration,  which  often  re- 
sults from  false  si/inpalhij.  Friendly  relations  between  the  family 
and  teaehei's  ai-e  a  potent  means  of  stimulating  the  interest  of  the 
blind  man. 

The  fundamental  principle  which  has  been  adopted  in  eonnection 
with  this  service  is  to  hold  the  men  in  the  eontrol  of  the  United  States 
Army  as  pupil  iiatients  until  their  industrial  handicap  has  been  over- 
come or  minimized.  It  has  been  found,  in  studying  methods  adopted 
by  the  various  co-belligerents,  that  the  retention  of  the  soldier  until 
his  handicap  is  removed,  is  the  onltj  safe  procedure.  In  the  French 
and  Italian  armies,  where  this  method  is  pursued,  all  men  get  their 
re-education  before  they  are  dismissed ;  therefore,  all  men  with  this 
disqualification  or  handicap  are  obliged  to  accept  the  type  of  treat- 
ment which  is  instituted. 

In  the  British  army,  for  example,  where  men  presenting  defects 
of  hearing  or  speech  are  discharged,  it  has  been  found  that  re-edu- 
cation is  not  taken  up  by  74  per  cent.  Indeed,  all  efforts  have  been 
made  by  the  Aural  Connnission  in  Great  Britain  through  propaganda, 
through  entertainments,  through  the  offer  of  meals,  etc.,  to  entice 
these  men  back  to  accept  re-education.  To  the  many  who  wish  to 
work  they  have  even  offered  evening  classes,  and  yet  they  do  not 
avail  themselves  of  it,  except  to  the  extent  of  24  per  cent. 

It  is  felt,  therefore,  that  centralizing  all  such  cases  and  holding 
them  in  the  service  is  by  far  the  safest,  sanest,  and  most  certain 
means  to  accomplish  the  purpose  of  re-education. 

Finally,  it  is  Avell  to  remember  and  to  place  strongly  before  the 
public  that  these  men  who  are  being  re-educated  are  not  abnormal, 
but  simply  have  become  handicapped  through  the  loss  of  a  special 
sense  in  their  service  to  the  common  cause  of  liberty. 

For  several  reasons,  including  the  difificnlty  of  teaching  Braille  to 
the  average  man  blinded  in  the  war,  Cantonnet  {A?rh.  d'Ophtal., 
Vol.  35,p.  605;  Abstr.  Amer.  Jour.  Ophth.,  Dec.  18,  p.  242)  has  de- 
vised a  raised  writing  in  the  usual  characters.  It  is  stated  that  those 
with  sight  can  use  this  form  of  writing  at  the  first  attempt,  that  the 
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iiitelligeut  blind  with  nimble  fingers  learn  it  in  one-half  hour,  and 
that  even  the  unintelligent  can  learn  it  within  two  hours.  The  let- 
ters, punctuation,  and  figures  are  those  ordinarily  employed.  The 
writing  is  done  Avith  a  Braille  instrument,  by  using  a  special  copper 
reglet,  which  has  three  small  grooves  for  each  letter,  so  that  with 
each  groove  three  dots  can  l)c  made  and  witli  the  three  grooves  nine 
points  are  possible. 

The  advantages  of  Braille  over  tliis  method  of  Cantonnet  are  that 
the  former  can  be  used  for  stenography  and  music ;  and  takes  up 
somewhat  less  space,  as  there  are  only  six  points  instead  of  nine. 
Each  method  has  its  own  indications.  One  special  advantage  of  the 
Cantonnet  methcd  is  that  tlu^  blind  who  wish  to  correspond  with 
persons  ignorant  of  ])lind  writing  can  do  so. 

The  bibliography  of  this  important  subject  includes  the  Report 
of  the  Committee  on  the  Welfare  of  the  Blind  in  England  (BrU. 
Med.  Jour.,  Dec.  15,  1917),  in  which  the  conclusion  was  reached  that 
as  a  general  rule  the  earning  capacity  of  the  blind  worker  could  not 
be  placed  beyond  half  that  of  the  seeing  worker,  and  that,  as  a  rule, 
home  industries  produced  only  one-lialf  to  tAVo-thirds  of  the  Avages 
earned  in  Avork-shops.  Further  comprehensive  contributions  to  this 
subject  have  been  made  by  Bordley  {Jour.  A.  M.  A.,  Vol.  70,  p.  1931)  ; 
Loeb  (Amer.  Jonr.  OphthoL,  Vol.  1,  p.  374)  ;  Cosse  and  Delord  (Ann. 
d'Ocuh,  Vol.  154,  p.  307);  Kruekmann  {Wicn.  mcd.  Woch.,  No.  44, 
p.  1654)  ;  SAvinnerton  (Bost.  Med.  and  S)irrj.  Jour.,  Vol.  176,  p.  803)  ; 
Elschnig  {KJin.  M.  f.  Aurjh.,  Vol.  61,  p.  496);  Schmeichler  {^¥ien. 
mcd.  Woch..  Oct.  9  and  16,  1918)  ;  Axenfeld  (A7///.  M.  f.  Aucjh.,  Vol. 
58,  p.  275)  ;  Ulithotf  (A7/;;.  M.  f.  Augh.,  Vol.  58,  p.  431)  ;  von  Szily 
(Atlas  dcr  Kriegsaugenheilkunde,  Vol.  2,  Chapt.  XI). 

TITE    RELATION    OF    THE   EYES   TO    AVIATION. 

In  the  initial  consideration  of  this  subject  it  is  Avell  to  remember 
that  Avliile  theory  Avould  assume  for  the  flyer  the  essentials  of  nor- 
mal visual  acuitA',  perfect  stereoscopic  vision,  accurate  color  percep- 
tion, the  correct  judgment  of  distance  Avith  a  faultless  muscular  bal- 
ance both  for  distance  and  near,  3'et  experience  in  all  the  combatant 
armies  has  shoAvn  that,  like  many  of  the  Avorld's  best  riflemen,  a  num- 
ber of  the  most  famed  military  aviators  Avere  deficient  in  one  or 
another  of  the  qualifications  assumed  to  be  essential.  It  is  further 
important  to  keep  in  mind  that  the  necessities  of  military  aviation, 
where  the  lives  of  tens  of  thousands  or  the  fate  of  an  army  may  be 
in    the   keeping   of   one   man,   become   matters   merelv   of   individual 
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choice  or  risk  in  peace  time  aviation.  In  tlie  latter  sphere  there  is 
no  compelling  need  for  the  essential  acute  aerial  acrobatics,  the  un- 
precedented altitudes  and  sudden,  perilous  landings  of  aerial  war- 
fare which  strain  both  aviator  and  mount  to  the  utmost  and  de- 
servedly require  the  highest  qualifications,  but  rather  the  demand 
is  for  the  simple  ability  to  fly  in  approximately  straight  linos,  on 
even  keel  and  at  an  altitude  seldom  greater  than  two  or  three  thou- 
sand feet,  with  uncomplicated  landings  at  the  journeys'  end.  It 
requires  little  reasoning  to  see  that  a  visual  acuity  of  6/6  in  each 
eye  is  probably  no  more  essential  under  peace-time  conditions  than 
is  the  need  for  correct  color  appreciation,  or  for  perfect  response  to 
the  tests  for  equilibrium.  We  have  become  so  accustomed  to  the  lack 
of  perfect  coincidence  between  theory  and  practice  in  all  of  life's 
problems  that  while  we  recognize  and  urge  the  need  for  the  highest 
standards  in  militarj^  aviation  (with  enough  elasticitj^  of  regulations 
to  allow  the  admission  of  obviously  worthy  men  who  lack  some  the- 
oretical essential)  yet  we  feel  that  these  excessively  high  standards 
should  not  be  taken  as  the  measure  of  peace  time  aviation  for  which 
instead,  regulations  which  shall  apply  equally  to  all  without  the 
sacrifice  of  safety  must  be  determined  by  experience  and  experiment. 

That  there  is  a  certain  range,  of  greater  or  lesser  breadth,  through 
which  the  external  factors  of  the  environment  may  be  varied  and 
yet  be  met  by  an  automatic  adjustment  of  the  physiologic  processes 
in  the  body,  which  will  preserve  the  vital  balance  of  the  mechanism, 
is  especially  shown  in  the  rapidly  variable  stresses  of  military  avia- 
tion and  particularly  in  the  case  of  men  who  are  lacking  to  some 
extent  in  the  requisite  physical  essentials.  The  eyes,  ears,  cardio- 
vascular mechanism  and  the  nervous  system  play  a  part  in  these 
adjustments  and  until  the  effect  of  the  airman's  activities  and  en- 
vironment on  the  functions  of  the  different  organs  are  accurately 
known  neither  the  qualifications  absolutely  essential  for  aviation  can 
be  stated  with  precision  nor  can  the  health  and  efficiency  of  the  avia- 
tor be  fully  safeguarded.  And  yet,  when  all  is  known  of  reaction 
to  laboratory  tests,  the  intelligence  and  the  power  of  correctly  in- 
terpreting what  is  seen  and  felt  are  factors  which  will  often  more 
than  compensate  for  apparently  inadequate  vision  and  imperfect  re- 
actions. Duane  expresses  our  opinion  of  this  matter  accurately  when 
he  states : 

"We  must  always  consider  whether  the  tests  that  we  make  actually 
show  what  we  wish  to  determine,  i.  e.,  a  man's  real  availability  for 
the  work  that  he  has  to  perform.  In  other  Avords,  are  the  man's 
eyes,  when  tested,  functionating  under  the  same  conditions  as  thev 
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do  in  actual  practice?  If  they  are  not,  then  our  tests,  unless  we 
make  allowance  for  their  fallibility,  give  us  false  ideas.  To  particu- 
larize,— Our  ordinary  visual  test  is  one  of  sharp  contrast,  i.  e.,  of 
black  letters  on  a  well  illuminated  white  ground,  or  vice  versa.  Never, 
in  actual  practice,  has  an  aviator  to  deal  with  contrast  of  this  sort. 
On  the  contrary,  he  is  all  the  time  concerned  either  with  objects 
(flags,  semaphore  signals,  ordinary  lights,  moving  bodies  of  men, 
roads,  etc.)  whose  contrast  M'ith  their  surroundings  is  extremely 
sli^'ht,  or  else  with  those  (e.  g.,  search-light  signals)  in  which  the 
contrast  is  extremely  vivid.  Our  laboratory  tests  should  be  used  only 
as  a  preliminary  examination,  to  eliminate  the  obviously  unfit ;  the 
ultimate  decision  as  to  fitness  resting  upon  examinations  made  under 
service  conditions,  and  with  objects  in  their  service  relations." 

There  are  aviators  with  defective  vision  who  fly  well,  probably 
having  learned  to  modify  their  visual  judgment  by  preliminary  ex- 
perience as  observers.  In  the  Brit.  Jour.  Ophthal.,  Aug.,  1917,  p. 
498,  are  notes  of  three  aviators  who  have  made  enviable  records  and 
two  of  whom  won  decorations  for  work  on  the  Western  front  despite 
considerable  degrees  of  mixed  astigmatism.  None  of  these  men  wore 
his  correction  while  flying,  although  the  correction  brought  the  vision 
to  normal  in'  each  eye,  whereas  the  uncorrected  vision  in  the  better 
eye  was  6/9  in  one  case  and  6/12  in  the  two  others,  the  vision  of  the 
worse  eye  being  6/18,  6/36  and  6/12  respectively.  In  the  man  hav- 
ing only  6/36  in  one  eye  there  was  also  imperfect  binocular  vision 
and  a  divergence  excess.  The  comment  is  made  "It  is  obvious  that 
successful  flying  can  be  done  quite  well  with  distant  vision  slightly 
below  normal.  On  the  other  hand  the  necessity  for  quick  and  ac- 
curate reading  of  the  dials  of  the  various  instruments  renders  the 
possession  of  good  near  vision  absolutely  essential;  and,  in  our  opin- 
ion, a  low  myope  with  a  binocular  vision  of  6/12,  other  things  being 
equal,  would  be  a  more  suitable  candidate  than  a  hypermetrope  of 
any  considerable  degree,  even  though  the  distant  vision  of  the  lat- 
ter was  6/5."  It  is  of  interest  that  the  official  standard  for  the 
Royal  Flying  Corps  in  1917  was  Pilots — Better  eye,  6/12  with  cor- 
rection 6/6.  Pilots — Worse  eye,  6/18  with  correction  6/12.  Ob- 
servers— Better  eye,  6/18  with  correction  6  9.  Observers — Worse 
eye,  6/18  with  correction  6/12. 

Wilmer  states  that  a  successful  combat  pilot,  with  trained  air 
vision,  who  loses  an  eye  may,  in  the  exigencies  of  war,  be  seriously 
considered  for  return  to  a  flying  status  when  his  confidence  is  not 
lessened,  he  is  keen  to  return  and  his  judgment  of  speed  and  distance, 
so  essential  in  landing,  are  not  impaired.     Berens  found  at  IMineola 
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that  some  men  who  had  lost  one  eye  could  still  make  judgment  of 
distance  accurately  and  quickly.  Anderson  {Lancet,  March  6,  1918, 
p.  397)  admits  that  some  pupils  who  have  had  a  long  experience  as 
observers,  learn  to  fly  well  in  spite  of  imperfect  vision  and  his  ex- 
perience has  been  that  of  every  aviation  service.  A  final  qualifica- 
tion, also  not  altogether  subject  to  laboratory  dictation  is  that  of  the 
flying  temperament.  It  has  beeJi  said  that  "an  airman's  life  consists 
of  long  spells  of  idleness  punctuated  by  moments  of  intense  fear." 
He  faces  vicissitudes  of  weather,  is  always  on  the  look-out  for  hos- 
tile aircraft,  watching  for  the  flash  of  enemy  guns  and  manoeuver- 
ing  out  of  range  of  his  shrapnel,  taking  photographs,  noting  move- 
ments of  enemy  troops,  of  rolling  stock,  submarines,  etc.,  conducting 
night-bombing  raids,  landing  at  night  and  often  facing  situations, 
seemingly  inextricable  and  filled  w'ith  the  gravest  peril.  In  the  search 
for  human  material,  impervious  to  the  kaleidoscopic  and  well-nigh 
superhuman  demands  of  such  warfare.  Wilmer  says:  "We  tried  to 
make  the  examination  practical.  We  realized  that  a  man  might  be 
physically  perfect  and  perfect  in  pathologic  reaction,  and  yet  not 
be  a  good  fighter  or  flyer ;  and,  the  reverse  of  this,  we  recognized  that 
a  man  might  not  be  in  the  best  physical  condition,  but  possess  an 
aggressive  spirit,  a  spirit  of  service,  wliicli  woidd  make  him  excel  a 
man  far  superior  to  himself  in  these  other  respects.  In  this  con- 
nection, 1  cannot  refrain  from  mentioning  (i — ,  who  had  never  been 
able  to  go  a  consecutive  year  to  school.  He  was  told  then  that  he 
was,  as  some  would  say,  nervously  unstable.  He  was  a  good  shot, 
but  physically  Aveak.  When  he  became  an  aviator,  he  was  shot  down 
eight  times  and  had  innumerable  accidents;  but  that  wonderful  spirit 
of  his  conquered  all  obstacles,  and  he  was  soon  up  and  back  again. 
On  one  occasion,  he  had  just  been  shot  down,  and  was  supposed  to 
be  at  home  recuperating;  but  he  slipped  away  to  a  neighboring  air- 
drome, and  went  up  Avithout  a  machine  gun  and  exposed  himself  to 
a  German  fighter  until  the  latter  had  fired  five  rounds  at  him.  Then 
he  came  back.  When  rebuked  for  his  foolishness,  he  said:  'It  was 
not  so  foolish  as  you  think.  I  have  been  told  that  a  man  who  is 
shot  down  loses  his  nerve;  and  I  wanted  to  see  whether  I  had  lost 
mine.  1  have  not.'  The  ])hysical  test  is  important,  and  the  reaction 
time  is;  but  if,  on  living  with  a  man,  you  find  that  aggressive  spirit, 
you  have  a  man  who  is  fit  to  fly."" 

On  the  medical  officer  alone  depends  the  selection  of  candidates 
for  the  air  service  and  obviously  only  an  expert  in  the  eye  and  ear 
is  competent  to  apply  tlioroughly  and  scientifically  the  tests  de- 
manded  in  the  service.     But  even   when  a  voung  man  is  found  to 
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be  sound  in  body  and  in  mind,  courageous,  cool  and  with  abundant 
initiative,  yet  the  question  "Will  he  last?"  always  arises.  Even  the 
most  experienced  examiner  cannot  predict  how  a  flier  will  behave  in 
action  or  wliether  lie  will  cease  to  be  useful  after  an  accident,  or  a 
narrow  escape  from  death.  Naturally  if  his  nerve  is  once  gone, 
his  career  in  the  air  is  at  an  end.  There  is  no  way  of  ascertaining 
this  vital  fact  except  by  constant  daily  observation  after  the  aviator 
has  begun  to  "use  his  own  wings,"  especially  in  action.  Accordingly 
tlie  study  of  the  flying  temperament  as  it  is  afifected  by  all  conditions, 
the  psychological  element  that  is,  is  of  surpassing  importance.  The 
ability  to  endure  comfortably  and  we'l  high  altitudes  is  dependent 
on  the  ease  and  quickness  witii  which  the  adaptive  responses  in  the 
breathing,  the  blood  and  the  circulation  take  place.  In  persons 
damaged  by  disease,  overwork  or  unhygienic  living,  or  weakened  by 
inactivity  and  by  loss  of  sleep,  the  power  of  adjustment  is  as  a  rule 
below  par.  The  normal  equilibrium  of  the  body  is  so  nicely  adjusted 
that  under  usual  conditions  the  physiologic  balance  is  largely  main- 
tained by  adjustments  that  are  nuide  with  little  or  no  expenditure 
of  effort. 

Under  unusual  conditions,  however,  such  as  the  handicap  of  sub- 
normal vision  or  heterophorias  made  manifest  by  effort,  the  adjust- 
ment of  the  physiologic  ))alance  is  made  with  such  difficulty,  as  a 
rule,  as  to  give  abundant  ground  for  Wihuer's  eulogium;  "History 
in  all  activities  of  life  is  replete  with  tributes  to  those  who  have  'made 
good'  in  spite  of,  or  by  reason  of.  physical  handicaps.  Such  men 
have  one's  deepest  admiration,  but  their  forte,  as  a  rule,  is  not  in 
the  air."  Wilmer  {Arch.  OphthaL,  Sept.,  1919,  p.  439)  from  his 
exceptional  experience  says  that ' '  Absolute  normality  of  the  eyes  in  one 
of  the  greatest  physical  assets  that  a  flier  can  possess." 

From  the  foregoing  considerations  it  is  evident  that  the  selection, 
classification  and  maintenance  of  the  physical  efficiency  of  the  flyer 
become  the  peculiar  concern  of  the  ophthalmologist,  the  otologist, 
the  neuropsychiatrist,  tbe  pliysiologist  and  the  cardio-vascular  ex- 
pert, grouped  in  their  aiiijroin'iate  spheres  in  the  Air  Medical  Service 
of  the  Army  and  of  the  Navy.  According  to  the  Air  Service  Med- 
ical iManual  issued  by  the  War  Department  in  191S  and  wliich,  to- 
gether with  the  Manual  oi  the  Medical  Research  Laboratory,  1918, 
aiul  the  Air  Service  Medical,  1919,  are  drawn  upon  in  detail: 

"Before  our  entrance  into  the  war  considerable  thought  had  been 
given  to  the  problem  of  what  should  constitute  the  physical  require- 
ments for  admission  into  the  aviation  service,  and  medical  officers 
liad  been  in  conference  with  other  members  of  the  medical   profession 


13960   WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN 

who  were  interested  in  this  question.  Due  eonsicbratioiji  also  liad 
been  given  to  the  study  of  the  requirements  formulated  by  England, 
France,  and  Italy,  and  a'so  Germany.  Tlie  examination  according 
to  amended  blank  609,  A.  G.  0.,  Avas  put  into  operation  in  IMay,  1917, 
and  it  is  worthy  of  note  that  this  same  series  of  tests  remains  un- 
altered, even  to  the  minutest  detail,  up  to  the  present  time. 

"The  judgment  applied  to  the  original  selection  of  those  to  con- 
stitute the  Air  Fighting  Force  of  the  United  States  was  not  based 
upon  an  attempt  to  decide  whether  or  not  the  individual  selected 
would  be  able  to  fly.  It  was  known  that  men  had  been  able  to  fly  in 
spite  of  one  or  more  physical  handicaps,  such  as  having  only  one 
leg,  having  one  eye,  having  tuberculosis,  or  being  cross-eyed,  or  hav- 
ing one  collapsed  lung,  or  being  well  over  50  years  of  age.  Instances 
were  at  hand  of  those  so  handicapped  who  had  been  able  to  learn  to 
fly  and  to  fly  well.  Ultimate  economy  as  well  as  immediate  etfleiency 
indicated  unquestionably  the  wisdom  of  admitting  to  training  only 
the  very  best  material.  The  enormous  number  of  applicants  at  hand 
made  it  possible  to  maintain  the  highest  standards  in  selecting  men 
for  this  service.  It  had  been  demonstrated  by  the  experience  of  our 
Allies  that  careful  selection  would  avoid  the  expense,  in  time  and 
money,  of  training  large  numbers  of  those  who  would  not  make  good 
in  the  service.  Furthermore,  our  measuring  stick  was  chosen  in  an- 
ticipation of  peak-load  requirements.  It  was  realized  that  each  man 
entering  the  flying  service  might  be  called  upon  to  negotiate  critical 
emergencies  in  the  air ;  that  insufficient  oxygenation  coupled  with 
prolonged  nervous  tension  under  high  altitude  combat  conditions, 
actual  injury,  sudden  changes  in  circumstances  demanding  instant 
decision  and  action,  would  require  of  him  the  utmost  mental  and 
physical  capabilities. 

"It  Avas  only  right  that  we  sliould  sujiply  for  our  air  fighters  as 
good  if  not  better  planes  than  those  used  by  the  enemy.  In  the  same 
spirit,  it  was  our  dutj^  to  bear  in  mind  that  when  an  American  aviator 
met  a  German  aviator  the  outcome  of  the  encounter  might  easily  de- 
pend upon  which  of  the  two  possessed  the  better  vision  and  other 
special  senses,  the  better  nervous  system,  and  the  better  mental  and 
physical  equipment  in  general.  Tlie  flier  starting  for  the  enemy's 
lines  carried  with  him  a  certain  potential  disaster  for  the  Hun.  The 
one-eyed  man  might  succeed ;  the  possession  of  two  eyes,  however, 
would  render  success  more  certain.  The  responsibility  of  the  Air 
]Medical  Service  in  the  selection  of  the  flier  was  that  no  aviator  should 
fail  in  his  mission  against  the  Hun  because  of  discoverable  physical 
defect. 
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''When  the  present  war  first  began,  there  were  but  few  aeroplanes 
and  those  were  used  indiscriminately  for  all  kinds  of  work.  If  an 
aeroplane  and  its  driver  could  stay  in  the  air,  they  were  used  for  any 
service  which  an  emergency  might  call  for.  On  one  day  the  pilot 
might  be  asked  to  go  across  the  lines  on  a  reconnaissance  mission  and 
with  the  same  machine,  which  was  very  limited  in  climbing  ability 
and  speed,  he  would  be  called  upon  on  the  following  day  to  go  into 
the  air  to  fight.  With  the  coming  of  improved  designs  and  more  skil- 
fu'  managing  of  aeroplanes  by  fliers,  different  types  of  machines  have 
become  classified  into  special  groups  for  special  work.  The  fljdng 
service  is  noAv  highly  specialized.  Men  are  called  upon  to  perform 
widely  diversified  classes  of  work,  such  as  pursuit  or  scout  work, 
reconnaissance,  photography,  day  or  night  bombing,  artillery  obser- 
vation and  for  each  of  these  special  missions  the  pilot  is  provided  with 
a  certain  type  of  plane  adapted  to  the  work  in  hand. 

"Both  the  enemy  and  ourselves  divided  the  machines  used  for  serv- 
ice into  two  distinct  classes;  the  fighting  machines,  a  fast,  quick- 
climbing  type,  easily  and  cjuickly  manoeuvered,  and  heavier  machines, 
Avhich  are  slower  in  action  and  capable  of  carrying  almost  any  weight. 

"It  is  easy  to  see  that  a  fast-climbing  machine  is  bound  to  carry 
the  pilot  to  greater  heights  than  the  slow,  weight-carrying  machine. 
Whereas  in  1915,  flying  rarely  exceeding  8,000  to  10,000  feet,  through 
improved  designs  scouts  of  today  climb  to  altitudes  even  as  high  as 
25,000  feet  and  this  height  is  attained  in  a  very  short  space  of  time. 
The  nature  of  the  work  of  a  scout,  which  is  simply  hunting  out  the 
enemy  and  attacking  him,  also  necessitates  descents  from  high  alti- 
tudes at  tremendous  speed. 

"Night-bombing  has  been  carried  out  at- altitudes  as  low  as  300 
feet.  Day-bombing,  in  order  not  to  reveal  the  objective  of  the  flight, 
and  to  guard  against  concentrated  anti-aircraft  fire,  may  call  for 
flights  at  very  high  altitudes.  The  possible  necessity  of  attaining  such 
altitudes  presents  a  nice  problem  when  we  consider  the  weight  of 
bombs  which  must  be  carried,  together  with  the  protective  equip- 
ment with  which  the  plane  must  be  loaded.  Keconnaissance  machines 
rarely  get  to  high  altitudes  oAving  to  the  necessity  for  more  or  less 
close  observation  of  the  ground,  and  machines  doing  this  v.'ork  must 
accomplish  very  low  flying  even  in  the  face  of  highly  concentrated 
anti-aircraft  fire  and  enemy  activity  in  order  to  fulfill  their  mission. 
Machines  cooperating  with  the  artillery  which  have  to  make  range 
corrections  for  batteries  do  not  often  work  above  6,000  or  8,000  feet. 
From  this  we  can  see  that  the  machines  doing  the  types  of  work  just 
mentioned,  except  day  boml)ing,  fly  very  mudi  lower  tlian  the  pur- 
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suit  or  scout  planes.  With  their  capacity  for  carrying  a  larger 
amount  of  fuel,  they  can  remain  in  the  air  for  very  long  periods. 
When  a  long  trip  is  to  be  made,  such  as  a  bombing  raid  far  into  the 
enemy  country,  at  least  four  or  five  hours  must  elapse  and  the  pilot 
is  apt  to  be  fatigued  to  the  limit  of  his  endurance.  Especially  is  this 
the  case  in  cold  weather  and  under  the  long  strain  of  an  extended 
night  encountering  anti-aircraft  fire  and  enemy  planes. 

"Pilots  of  scout  machines,  on  the  contrary,  owing  to  the  speed  and 
climbing  ability  possessed  by  planes  built  for  tliis  type  of  work, 
never  stay  in  the  air  much  over  two  and  one-half  or  three  hours  on 
account  of  being  unable  to  load  up  their  machines  with  more  than 
a  moderate  weight  of  fuel.  But  they  have  to  go  to  tremendous 
heights,  tliey  have  to  change  those  lieights  very  quickly  and  very 
often,  and  they  are  subject  to  quick  changes  of  temperature  as  well 
as  sudden  variations  in  oxygen  content  of  the  air. 

"In  view  of  these  facts  the  Air  Medical  Service  realized  the  im- 
portance frcm  a  purely  military  standpoint  of  careful  classification 
of  fliers.  The  work  of  the  Medical  Research  Laboratory  demonstrated 
that  of  each  100  carefully  selected  fliers  only  61  are  physically  and 
mentally  capable  of  attaining  an  altitude  of  over  20,000  feet  with 
safety;  25  out  of  each  100  are  physically  and  mentally  unsafe  at 
altitudes  above  15,000  feet;  and  14  out  of  each  100  are  physically 
and  mentally  unsafe  at  altitudes  above  8,000  feet.  Of  that  61  of 
the  100  are  fit  for  any  type  of  air  work;  that  25  may  do  bombing; 
that  14  should  ])e  limited  to  reconnaissance  or  night  bombing.  Such 
classification  of  pilots  for  specific  duties  constitutes  a  new  factor  of 
conservation  and  safety  to  our  forces. 

"The  feature  of  knowing  the  limitations  of  a  valuable  man  spell 
increased  efficiency. 

"Just  as  the  pilot  is  provided  with  a  certain  type  of  plane  adapted 
to  the  work  in  hand,  so  the  plane  must  be  provided  with  a  pilot 
adapted  to  the  work  in  hand. 

"It  is  true  that  in  the  absence  of  a  pilot  physically  and  mentally 
adapted  for  high-altitude  Avork  it  is  possible  to  use  one  who  is  adapted 
only  for  low-altitude  work  by  equipping  him  with  an  apparatus  to 
supply  oxygen  according  to  Ids  needs. 

"Physiologic  studies  of  men  living  at  high  altitude,  have  proven 
that  a  very  complex  series  of  changes  occur  before  their  bodies  be- 
come able  to  live  normally  with  less  oxygen.  This  is  acclimatization 
and  this  occurs  in  the  man  living  at  high  altitudes  but  not  in  the 
aA'iator  who  alternates  constantly  between  high  and  low  altitudes. 

"The  flier  must   undergo  abrnpt  changes  in  atmospheric  pressure 
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and  oxygen  suppl}'.  Atmospheric  pressure  plays  a  very  unimportant 
role.  The  whole  problem  resolves  itself  into  a  deprivation  of  the 
normal  oxygen  supply.  The  fact  that  there  is  'oxygen  want'  at  high 
altitudes  suggested  that  any  piece  of  apparatus  that  would  permit 
the  breathing  of  a  reduced  amount  of  oxygen  could  be  used  to  test 
the  ability  of  men  to  withstand  high  altitudes.  By  means  of  a  modi- 
fication of  the  Flack  bag  the  aviator  being  tested  rebreathes  air  con- 
fined in  a  tank,  from  which  he  gradually  consumes  the  oxygen.  As 
the  percentage  of  oxygen  decreases,  the  aviator,  in  effect,  is  slowly 
ascending  to  higher  altitudes,  in  the  course  of  25  to  30  minutes,  low- 
ering the  oxygen  content  of  the  air  in  the  tank  to  8  or  7  per  cent., 
the  equivalent  of  an  altitude  of  25,000  to  28,000  feet. 

''The  same  method  is  attained  by  a  diluting  apparatus,  which  sup- 
plies the  desired  proportions  of  a  mixture  of  air  and  nitrogen  direct- 
ly to  a  mask  placed  over  the  face.  All  of  these  tests  have  been 
standardized  and  confirmed  bj'  the  low  pressure  tank  in  which  the 
air  is  rarefied  to  correspond  to  any  given  altitude. 

"By  a  comparison  of  tlie  percentage  of  oxygen  to  which  the  avia- 
tor succumbs  when  on  the  low-oxygen  test,  it  is  possible  to  determine 
precisely  the  altitude  at  which  the  aviator  would  fail  were  he  in  the 
air. 

"This  determination  is  made  on  the  ground,  without  danger  either 
to  the  aviator  or  to  his  machine,  and  has  been  taken  as  the  basis  for 
the  classification  of  aviators  now  in  use  l^v  the  Medical  Research 
Laboratories. 

"It  may  be  noted  that  these  tests  of  the  ability  of  an  aviator  to 
withstand  oxygen  reduction  could  not  be  made  safely  in  the  air,  as 
the  effects  of  oxygen-want  are  insidious  and  often  the  aviator  suc- 
cumbs very  suddenly  and  completely  when  his  limit  is  reached. 

"The  effect  of  low  oxygen  upon  the  mental  processes  of  the  aviator 
varies  greatly  in  the  individual.  The  aviator  usually  becomes  men- 
tally inefficient  at  an  altitude  at  which  there  is  as  j^et  no  serious 
failure  of  his  vital  bodily  functions.  If  ho  were  sent  to  an  altitude 
which  his  heart  could  safely  stand,  his  efficiency  would  nevertheless 
suffer  because  his  brain  is  not  acting  properly.  By  simple  tests  of 
mental  alertness  during  rebreathing  it  is  easy  to  determine  that  one 
flier  becomes  mentally  inefficient  at  15,000  feet,  in  sharp  contrast  to 
another  aviator  who  has  his  full  mental  powers  up  to  and  beyond  an 
altitude  of  25,000  feet. 

"Low  oxygen  has  a  marked  eft'ect  upon  vision.  Oxygen- want  ex- 
aggerates to  a  marked  degree  any  existing  defect  of  the  eyes.  In 
many  young  licalthy  men   the  rebreathing  tests  made  manifest   eye 
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defects  which  ma}'  have  eluded  detection  by  the  most  expert  examina- 
tion. Crash  reports  have  demonstrated  that  a  large  proportion  is 
due  to  such  eye  defects.  Again,  in  night  flying  it  is  most  important 
that  the  flier  shall  be  able  'to  see  well  in  the  dark.'  Many  aviators 
are  able  to  fly  well  without  any  difficulty  in  the  daytime,  but  not  at 
night.  Laboratory  tests  determine  definitely  which  individuals 
possess  the  ability  to  see  well  at  night. 

"  'Stunting"  is  essentially  an  internal-ear  problem.  During  and 
after  rapid  turnings  the  flier's  brain  is  receiving  impu^.ses  from  his 
semicircular  canals.  Nothing  can  control  or  alter  the  sending  or 
receiving  of  these  impulses.  These  impulses  produce  sensations  of 
motion.  Fliers  vary  greatly  in  their  ability  to  interpret  correctly 
the  significance  of  these  impulses.  Experience  alone  enables  the 
aviator  to  familiarize  himself  with  the  meaning  of  these  impulses ; 
those  who  develop  the  greatest  ability  in  this  respect  naturall}'  fall 
into  the  scout-pursuit  class.  Those  who,  in  spite  of  training,  are  still 
disturbed  or  bewildered  by  stunting  should  be  reserved  exclusively 
for  straight  flying,  such  as  bombing  and  photography.  Again,  the 
peculiar  demands  of  night  flying,  reducing,  as  it  does,  at  times  to 
the  vanishing  point,  information  coming  from  the  eyes,  require  a  type 
of  flier  who  possesses  the  keenest  ear  sense  for  the  detection  of  move- 
ment. 

''The  rebrcathing  test  is  also  very  valuable  in  determining  stale- 
ness  in  aviators.  As  stateness  is  caused  by  frequent  exposure  to  high 
altitudes,  evidence  of  this  is  easily  obtained  by  means  of  the  re- 
breathing  machine.  Where  originally  a  flier  was  able  to  tolerate  an 
altitude  of  20,000  feet  or  more  before  showing  certain  symptoms  of 
staleness,  after  flying  for  100  hours  or  more,  it  is  frequently  found  in 
reexamination  by  means  of  the  rebreather  that  he  is  stale  and  is  un- 
able to  tolerate  the  oxygen  reduction  equivalent  to  10,000  feet.  In- 
cipient cases  of  sta^ieness  are  thus  easily  detected.  The  detection  of 
the  early  eases  of  staleness  is  of  greatest  importance  in  that  it  makes 
it  possible  to  ground  a  man  for  a  certain  period  and  thus  enable  him 
to  recover  entirely,  whereas  if  this  condition  is  not  diagnosed  early 
it  will  progress  until  a  point  is  reached  where  it  is  impossible  for 
the  aviator  to  'come  back'  and  his  services  as  a  flier  are  thus  lost 
to  the  country.  When  the  staleness  becomes  marked  the  aviator  is 
very  liable  to  faint  in  the  air,  thus  losing  his  life  and  wrecking  his 
machine.  By  periodically  examining  aviators  the  first  signs  of  stale- 
ness will  be  detected  early  and  measures  can  be  taken  to  conserve 
the  efficiency  of  those  who  would  otherwise  be  inevitably  lost  to  the 
service. ' ' 
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For  the  mainteuance  of  the  corps  of  fliers  at  the  highest  point  of 
physical  and  mental  efficiency  the  grade  of  "Flight  Surgeon"  was 
created.  Further  aid  to  this  especially  trained  and  qualified  physi- 
cian was  supplied  by  a  Nutrition  Officer,  whose  function  was  to  super- 
vise the  mess  and  prevent  the  development  of  digestive  ailments  of 
even  mild  character  or  cure  them  clietically  if  they  developed,  and 
by  authorization  of  the  grade  of  "Physical  Director"  for  the  addi- 
tional education  of  the  cadet  by  means  of  flying  calisthenics.  By 
daily  turning  and  tumbling  exercises  the  cadet,  who  at  first  was 
awkward  and  bewildered,  soon  became  accustomed  to  positions  and 
movements  to  which  he  had  been  unused.  The  Physical  Director 
lived  and  messed  with  the  cadets,  studied  their  habits,  temperaments 
and  physical  fitness  and  advised  the  Flight  Surgeon  on  these  points. 

"With  expert  supervision  of  the  flier's  nutrition  and  exercise,  sup- 
plementing his  own  professional  knowledge  concerning  flying  and 
the  aviator,  the  Flight  Surgeon  neglects  nothing  of  a  practical  value 
which  can  be  used  in  maintaining  in  the  highest  degree  the  phj^sical 
efficiency  of  the  Air  Fighting  Force  and  is  prepared  at  any  time  to 
furnish  to  the  Commanding  Officer  a  reliable  expert  opinion  as  to 
each  individual's  mental  and  physical  fitness  for  flying  duty. 

"As  a  result  of  this  vigilance  and  care,  the  signs  of  deterioration 
which  previously  had  followed  a  certain  amount  of  continuous  service 
were  recognized  at  their  incipiency  and  preventive  means  adopted. 
This  was  a  new  thought  in  aviation.  Up  to  that  time  it  had  been 
the  practice  to  keep  the  flier  at  it  until  he  broke.  His  breaking  was 
signalized  sometimes  by  simple  failure  to  return  from  behind  the 
enemy  lines;  sometimes  by  becoming  mentally  and  nervously  so  ex- 
hausted as  to  be  of  absolutely  no  use;  at  other  times  becoming  so 
phj'sically  worn  out  that  even  the  casual  observer  would  recognize 
his  unfitness  for  service. 

"The  old  method  was  to  get  as  much  out  of  a  flier  as  possible,  then 
discard  him  as  useless  for  further  air  service. 

"While  it  is  not  possible  to  arrive  at  exact  percentages,  estimates 
based  upon  information  from  every  source  in  Italy,  France,  and 
Great  Britain,  interviews  with  commanding  officers  and  medical  ex- 
perts in  all  the  flying  centers  and  at  the  various  fronts,  indicate  that 
not  2  per  cent,  of  the  fliers  lost  to  active  service  were  put  out  by  the 
Hun.  Failures  of  the  airship  are,  at  the  present  time,  responsible 
for  very  limited  losses  to  the  service,  thanks  to  tlie  inspections  to 
which  they  are  constantly  subjected.  Three  years  ago  this  statement 
would  not  have  been  true;  the  mechanical  genius  of  the  world  has 
been  applied  to  make  the  airplane  safer  and  with  such  effect  that  it 
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happens  011I3'  rarely  that  the  flier  becomes  useless  through  the  fault 
of  the  ship.  Statements  from  all  sources  agree  that  of  the  total  num- 
ber of  fliers  permanently  out  of  flying  service,  not  over  8  per  cent, 
have  been  rendered  unserviceable  ])ecause  of  mechanical  shortcom- 
ings of  plane  or  engine.  When  it  has  been  stated  that  2  per  cent,  of 
the  total  number  of  fliers  incapacitated  for  further  air  service  were 
put  out  by  the  Ilun,  and  8  per  cent,  because  of  mechanical  short- 
comings of  the  airplane,  the  remaining  90  per  cent,  looms  large, 
when  it  is  realized  that  this  proportion  represents  troubles  in  the  flier 
himself. 

''Thanks  to  the  splendid  work  of  the  Plight  Surgeon  and  his  as- 
sistants a  steady  reduction  in  the  percentage  of  needless  and  avoid- 
able casualties  has  resulted.  Just  as  the  Medical  Department  of  the 
Army  has  been  able  to  Avipe  out  typhoid  fever,  and  made  it  possible 
to  construct  the  Panama  Canal  by  the  elimination  of  yelloAV  fever, 
so  the  Air  Medical  Service  is  destined  to  serve  by  prevention  of  the 
crash  rather  than  by  'picking  up  the  pieces'  afterwards. 

"Medical  officers  of  the  various  air  services  had  observed  that 
more  than  half  of  the  injuries  sustained  in  crashes  were  caused  by 
the  aviator  striking  his  head  against  the  cowl.  It  was  suggested  that 
the  cowl  be  cut  out  so  as  to  give  8  inches  more  room  in  front.  A 
report  received  from  the  Royal  Air  Force,  Canada,  states  that  since 
this  change  in  the  cowl  has  been  made  these  head  injuries  have  been 
practically  eliminated.  Another  suggestion  v\'as  to  lash  the  safety 
belt  to  the  machine  by  a  simple  rubber  shock  absorber,  the  same  re- 
port states  that  since  this  has  been  done,  the  number  and  extent  of 
injuries  to  the  upper  abdomen  and  ribs  have  been  decidedly  reduced. 
The  problem  of  protecting  the  flier  against  the  extreme  cold  of  high 
altitudes  in  winter  was  partly  solved  bj^  designing  electrically  warmed 
clothing,  thereby  enabling  him  to  continue  his  fljing  under  condi- 
tions, which,  up  to  that  time,  had  rendered  it  impossible  The  prob- 
lem of  enabling  a  flier  to  withstand  the  glare  of  reflected  sunlight 
above  cloud  banks  and  to  enable  him  to  pierce  camouflage  was  solved 
by  furnishing  him  with  the  'Noviol'  type  of  goggles.  During  the 
first  two  and  one-half  years  of  the  w^ar  no  attempt  was  made  to  com- 
pensate the  flier  for  his  lack  of  sufficient  oxygen  in  high-altitude 
work.  One  British  squadron  used  the  Dreyer  oxygen  apparatus 
since  January,  1917 ;  a  report  from  the  British  front  stated  that  this 
squadron  performed  six  times  the  amount  of  work  of  any  other  sim- 
ilar squadron  not  supplied  with  oxj-gen. 

"These    are    examples    of    what    has    already    been    accomplished 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN    13967 

towards  reducing  this  90  per  cent.;  many  other  methods  are  now 
being  developed." 

Tlie  reactions  set  up  by  stunting,  by  tlie  orientator  or,  in  lesser 
extent  by  the  revolving  chair,  while  essentially  otic  in  their  ver- 
tiginous efl'eets  are  secondarily  ophthalmic  through  tlie  production 
of  dec-ided  nystagmus.  The  e^'es  are  always  drawn  in  the  direction 
of  the  endolyinph  movement  and  are  then  quickly  jerked  back  in 
the  opposite  direction  hy  impulses  from  the  cerebrum.  The  subjec- 
tive sensation  of  vertigo  is  always  in  a  direction  opposite  to  the  en- 
dolAuiph  movement.  Jt  is  hccause  of  this  vertigo  that  the  person 
falls  in  a  definite  direction,  and  also,  when  he  attempts  to  find  witli 
Ins  finger  an  object  he  has  previously  touched,  he  is  unable  to  find 
it  but  past-points  to  the  right  or  left,  above  or  below,  depending  on 
the  direction  and  plane  of  his  sensation  of  vertigo. 

Labyrinthine  vertigo,  therefore,  is  a  false  sensation  of  motion  sim- 
ilar to  the  visual  illusion  of  motion  observed  wlien  watching  a  mov- 
ing train  from  the  window  of  a  stationary  coach,  both  being  unavoid- 
able phenomena  of  normal  special  sense  mechanisms,  which,  how- 
ever, the  subject  easily  learns  to  interpret  and  disregard. 

It  is  evident  that  if  stimulation  of  the  ear  causes  a  movement  of 
the  eyen,  there  must  be  a  definite  nerve  pathway  from  the  ear  to  the 
eye  muscles.  Also  if  ear  stimulation  produces  dizziness,  it  is  evident 
there  must  be  a  nerve  pathway  from  the  ear  to  the  cerebral  cortex. 

Jones  {Jour.  A.  M.  A.,  March  17,  1917,  p.  802)  on  the  basis  of 
over  350  pathologic  cases,  including  a  considerable  number  of  opera- 
tions and  necropsies,  traces  the  nervous  pathway  of  this  complicated 
mechanism  from  the  ear  through  the  brain-stem,  cerebellum,  and 
cerebrum  as  follows : 

"The  fibers  from  the  horizontal  semicircular  canals  pass  through 
the  eighth  nerve  to  the  brain-stem,  and  enter  Deiters'  nucleus  in  the 
medulla  oblongata.  At  this  nucleus  the  fibers  divide,  going  on  the 
one  hand  to  the  posterior  longitudinal  bundle,  through  which  they 
are  connected  with  the  various  eye  muscle  nuclei,  to  be  distributed 
through  the  third,  fourth  and  sixth  nerves  to  the  eye  muscles  them- 
selves. It  is  this  pathway  that  is  responsible  for  the  eye  movement. 
The  other  pathway  goes  from  Deiters'  nucleus  through  the  inferior 
cerebellar  peduncle  to  the  cerebellar  nuclei  of  the  same  side,  from 
which  it  proceeds  through  the  right  superior  cerebellar  peduncle  to 
the  decussation  of  the  two  superior  cerebellar  peduncles  in  the  base 
of  the  cerebral  crura ;  from  this  point  there  are  two  pathways  to  the 
cerebral  cortex  of  both  sides,  but  the  main  pathway  goes  to  the  cor- 
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tcx  of  the  opposite  side.  The  cortical  centers  that  receive  these  fibers 
are  postulated  by  Mills  to  be  in  the  posterior  portion  of  the  second 
temporal  convolutions  adjacent  to  the  cortical  areas  for  hearing.  It 
is  this  pathway  from  the  horizontal  canal  to  the  cerebral  cortex, 
passing  through  the  cerebellum,  that  is  responsible  for  the  produc- 
tion of  vertigo  on  ear  stimulation.  The  fibers  from  the  vertical  semi- 
circular canals  have  a  different  pathway  after  entering  the  brain- 
stem, ascending  in  the  pons  to  a  point  above  the  middle  of  the  pons. 
At  this  point  the  fibers  divide,  on  the  one  hand  going  to  the  posterior 
longitudinal  bundle,  to  be  distributed  to  the  eye  muscles;  on  the 
other  hand  the  fibers  enter  the  cerebellar  nuclei  through  the  middle 
cerebellar  peduncle,  from  which  point  their  pathway  is  the  same  as 
that  of  the  fibers  from  the  horizontal  canal." 

The  ocular  examination  of  applicants  for  detail  in  the  department 
of  military  aeronautics  as  given  in  the  Manual  of  the  Medical  Ee- 
search  Laboratory,  pp.  133-163,  includes : 

"I.  History.  Question  the  candidate  carefully  concerning  previous 
or  present  eye  trouble,  use  of  glasses,  lachrymation,  photophobia  and 
diplopia.  If  glasses  are  Avorn,  do  symptoms  develop  Avhen  Vv'ithout 
them  ? 

"II.  Stereoscopic  vision.  The  ability  to  appreciate  depth  and  dis- 
tances by  means  of  binocular  vision.  The  ordinary  stereoscope  may 
be  used.  The  cards  should  be  clean  and  flat.  The  candidate  should 
have  a  good  light  coming  over  the  shoulder  directly  on  the  card. 
The  card  shoukl  be  moved  back  and  forth  until  the  point  of  greatest 
distinctness  is  attained.  Have  the  candidate  name  the  sequence  of 
objects  from  before  backAvard,  as  he  sees  them  through  the  stereo- 
scope. This  should  be  done  readily  and  without  error,  keeping  in 
mind  the  fact  that  even  though  the  usual  order  of  seeing  the  objects 
on  the  original  card  is  9-1-7,  3-2-4,  5-6-8,  and  10,  the  confusion  of 
4  and  5,  9  and  1,  and  8  and  10  occurs  in  people  with  normal  stere- 
oscopic vision.  In  case  of  doubt,  use  in  addition  the  smaller  objects 
on  individual  pictures,  e.  g.,  on  No.  9  from  before  backward  is  seen 
cross,  balloon,  and  flag ;  No.  8,  balloon,  cross,  rod,  and  pennant ;  No. 
10,  pennant,  balloon,  and  cross.  Inability  to  stereoscope  properly  is 
a  cause  for  rejection. 

''III.  Ocular  movements.  These  are  tested  roughly  by  requiring 
both  eyes  of  the  candidate  to  be  fixed  on  the  examiner's  finger,  which 
is  carried  from  directly  in  front  of  the  eyes  to  the  right,  to  the  left, 
up  and  down     The  ocular  movements  must  be  regular  and  identical. 

"IV.  Pupillary  reactions.  These  should  be  regular  and  equal 
when  responding  to   (1)   direct,   (2)    indirect  light  stimulation,  and 
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(3)  to  accommodation.  Face  the  candidate,  who  should  be  looking 
into  the  distance,  and  place  a  card  as  a  screen  before  both  eyes.  Un- 
cover one  eye  after  a  sliort  interval  and  allow  bright  daylight  to 
.sliine  into  this  eye.  The  resulting  contraction  of  the  iris  of  this  eye 
is  called  a  direct  reaction.  Repeat  the  test,  but  now  observe  the  iris 
of  the  shaded  eye.  If  tliis  iris  contracts,  it  is  termed  the  indirect 
or  consensual  reaction.  Repeat  tests  on  the  other  eye.  With  both 
the  candidate's  eyes  open  and  uncovered,  have  him  fix  on  a  distant 
object,  then  focus  on  a  pencil  point  held  approximately  10  centi- 
meters in  front  of  the  eyes.  Both  irides  should  contract,  which  is 
called  the  reaction  to  accommodation. 

"V.  External  ocular  examinaiion.  Place  the  candidate  facing  a 
good  light  and  examine  each  eye  carefully  with  the  aid  of  a  hand 
lens,  noting  any  abnormality.  The  eye  should  be  free  from  disease, 
congenital  or  acquired,  such  as  lesions  of  the  cornea,  iris,  or  lens, 
including  affections  of  the  surrounding  structures,  such  as  patho- 
logical conditions  of  the  laehr\Tnal  apparatus,  conjunctival  deformi- 
ties, or  any  affection  which  would  tend  to  cause  blurring  of  vision 
if  the  eyes,  unprotected  by  glasses,  were  exposed  to  wind  or  other 
unfavorable  atmospheric  conditions. 

"YI.  Ocular  nystagmus.  If  it  occurs  on  looking  straight  ahead  or 
laterally,  40°  or  less,  it  is  a  cause  for  rejection. 

"(a)  Spontaneous  oeular  nystagmus  produced  by  extreme  lateral 
rotation  of  the  eyes,  50°  or  more,  is  not  a  cause  for  rejection,  as  it 
is  found  in  the  normal  individual.  It  is  usually  manifested  by  a  few 
oscillating  movements,  never  rotary,  which  appear  when  the  eyes 
are  first  fixed  in  extreme  lateral  positions.  Select  a  scleral  vessel 
near  the  corneal  margin  as  a  point  for  observation. 

"VII.  Field  of  vision.  The  confrontation  test  may  be  used  to  de- 
termine roughly  the  limits  of  the  visual  fie"'d.  The  field  is  tested 
separately  for  each  eye.  Place  the  candidate  with  his  back  to  the 
source  of  light  and  have  him  fix  the  eye  under  examination  (the  other 
eye  being  covered)  upon  the  examiner's,  which  is  directly  opposite 
at  a  distance  of  2  feet.  For  example:  The  candidate's  right  eye 
being  fixed  upon  the  examiner's  left  eye;  the  examiner  then  moves 
his  fingers  in  various  directions  in  a  plane  midway  between  himself 
and  the  candidate,  luitil  the  limits  of  indirect  vision  are  reached. 
The  examiner  thus  compares  the  candidate's  field  of  vision  to  his  own, 
and  can  thus  roughly  estimate  Avhether  normal  or  not.  A  restricted 
field  of  vision  or  marked  scotoma  should  be  confirmed  by  the  use  of 
a  perimeter,  as  it  vrould  be  a  cause  for  rejection, 

"VIII.  Color  vision.     Should  be  normal.     A  Jennings  test  is*  re- 
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quired.  If  confusion,  the  eyes  should  be  tested  with  a  Williams 
lantern.  The  Jennings  blank,  properly  filled  out,  should  form  a  part 
of  the  physical  record.  If  the  candidate  is  suspected  of  having 
learned  the  Jennings  test,  the  card  and  blank  may  be  turned  over 
and  ininclied  fi'om  the  unfinished  side. 

"IX.  Muscle  balance  at  20  feet.  A  phorometer,  with  spirit  level 
or  maddox  rod  and  rotary  prism  attached,  should  be  used.  Muscle 
balance  is  satisfactory,  provided  there  is  not  more  than  1  degree  of 
hyperphoria,  2  degrees  of  exophoria,  or  6  degrees  of  esophoria  (if 
in  this  latter  case  there  is  a  prism  divergence  or  abduction  of  not 
less  than  6  degrees).  In  all  cases  of  heter<i])!inr!a  the  duction  power 
of  the  muscles  must  be  taken  and  recorded. 

"(a)  The  screen  and  parallax  test:  In  case  the  above-described 
apparatus  is  not  available,  the  following  method  may  be  used  until 
the  proper  instruments  are  obtained : 

"The  candidate  is  seated  6  meters  from  a  5-millimeter  light  on  a 
black  field  or  a  1  centimeter  black  dot  on  a  white  field,  which  he  fixes 
intently.  Shift  a  small  card  quickly  fi'om  eye  to  eye  and  note  any 
movement  of  the  eye  as  it  is  uncovered  and  ask  the  candidate  to  de- 
scribe any  movement  of  the  eye  or  the  light.  Orthophoria  obtains 
if  there  is  no  apparent  movement  of  the  eye  or  the  light.  ^Movement 
of  the  test  object  or  eye  with  the  card  signifies  exophoria,  against  the 
card,  esophoria,  and  vertical  movement  hyperphoria.  Prisms  are 
placed  with  the  base  in  for  exophoria,  out  in  esophoria  and  up  or 
down  in  hyperphoria,  until  the  test  object  and  the  eye  just  begin  to 
move  in  the  opposite  direction.  The  weakest  prism  which  causes  re- 
versal of  the  movement,  minus  2  prism  degrees,  is  the  measure  of 
the  heterophoria.  If  there  are  less  than  5  degrees  of  heterophoria, 
only  1  prism  degree  is  subtracted. 

"(&)  Near  point  of  convergence:  A  2-millimeter  white-headed 
pin  or  a  1-millimeter  black  dot  on  a  white  card  is  carried  toward  the 
subject  along  a  millimeter  rule  from  a  distance  of  50  centimeters,  and 
the  point  noted  at  which  one  or  both  eyes  cease  to  fix  or  diplopia  is 
first  noted  by  the  candidate.  This  point  is  measured  in  millimeters 
from  the  anterior  surface  of  the  cornea.  Keep  the  test  object  in  the 
mid  line,  a  few  degrees  below  the  horizontal  plane.  A  near  point 
greater  than  65  millimeters  at  25  years  of  age,  and  85  millimeters  at 
30  years  of  age  is  a  cause  foi'>  disqualification. 

"X.  Yimal  acuity,  (a)  Acuity  for  distance:  Test  each  eye  sepa- 
rately, 20  feet  from  a  well-illuminated  card  with  Snellen  letters. 
Full  twenty  twentieths  vision  in  each  eye  is  desired,  but  a  candidate 
may  be  allowed  to  miss  three  letters  on  the  20/20  line  with  one  eye, 


WAR,  OPHTHALMIC  MEDICINE  AND  SURGERY  IN    13971 

provided  the  other  has  full  20/20  vision,  and  all  other  tests  are  nor- 
mal. Visual  acuity  should  be  taken  without  the  use  of  correcting 
lenses. 

"Place  a  plus  2.00D.  sph.  before  each  eye  successively  while  the 
other  eye  is  covered.  A  candidate  who  can  still  read  20/20  with 
either  eye  is  disqualified. 

"  (b)  Near  point,  or  acuity  for  near  vision  is  determined  separate- 
ly for  each  eye  by  requiring  the  candidate  to  read,  in  a  good  light, 
Jaeger  test  type  No.  1,  gradually  bringing  the  card  toward  the  un- 
covered eye  until  the  first  blurring  of  the  print  is  noted. 

"The  distance  of  this  point  from  the  anterior  surface  of  the  cornea, 
measured  in  centimeters,  is  the  near  point.  A  distance  greater  than 
11  centimeters  at  19  years  of  age,  greater  than  13  centimeters  at  25 
years  of  age,  or  greater  than  15  centimeters  at  30  years  of  age,  dis- 
qualifies. 

"XI.  Ophthalmoscopic  findings.  Drop  one  drop  of  a  5  per  cent, 
solution  of  euphthalmin  in  each  eye.  Have  the  candidate  keep  his 
eyes  closed.  After  15  minutes  repeat  the  drops,  then  examine  15 
minutes  later.  A  solution  of  cocaine,  4  per  cent.,  may  be  substituted, 
cautioning  the  candidate  to  keep  his  eyes  closed  between  instilla- 
tions. A  pathological  coiidition  of  the  fundus,  active  or  quiescent, 
is  a  cause  for  rejection." 

Of  the  men  presenting  themselves  as  applicants  for  the  air  service, 
29.3  per  cent,  failed  to  pass  the  physical  examination ;  and  of  these 
5.9  failed  in  the  eye  examination  alone ;  7  per  cent,  in  two  tests,  and 
8.6  per  cent,  in  three  or  more  tests.  Practically  50  per  cent,  of  those 
rejected  failed  to  meet  the  eye  requirements.  Of  59  thus  rejected 
for  eye  defects,  33  had  low  visual  acuity,  10  had  defective  color  vision, 
7  imperfect  muscle  balance,  5  lacked  stereoscoi:»ic  vision,  and  3  were 
eliminated  because  of  the  ophthalmoscopic  evidences  of  disease.  Lan- 
caster, discussing  research  work  on  ocular  problems  of  aviation  states 
that : 

"For  the  studj"  of  the  problems  of  flight  the  visual  function  may 
be  divided  into  the  purely  sensory  or  percipient,  the  adjusting 
mechanism,  and  the  psychic  side  of  vision.  Sensory  functions  with- 
stand the  strain  of  asphj'xiation  and  fatigue  without  breakdown. 
Under  this  head  are  the  retinal  functions  of  light-sense,  color-sense, 
form-sense.  The  adjusting  mechanisms  are  three :  fixation,  focusing, 
adaptation  to  light.  These  are  rather  complex  functions  and  are 
likely  to  break  down  under  strain ;  whether  they  will  or  not  in  a 
given  case  depends  upon  whether  any  defect  is  present,  and  on  how 
well  the  defect  is  compensated,  some  defects  being  better  compen- 
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sated  than  others.  To  insure  the  best  compensation  the  mental  and 
physical  conditions  mnst  be  maintained  at  their  best,  hence  the  im- 
portance of  the  'care  of  the  flier.' 

"The  psychic  side  of  vision  inclndes  stereoscopic  vision  and  various 
matters  of  judgment  and  discriminntion  based  on  visual  perception. 
They  are  not  much  affected  by  asphyxiation  and  fatigue.  Investiga- 
tions are  now  being  carried  on  regarding  stereoscopic  vision,  and 
other  methods  of  estimating  distances  at  long  range,  as  to  light,  sense 
and  adaptation,  as  to  accommodation  speed,  and  as  to  the  relative 
value  of  different  ways  of  measuring  heterophoria." 

Value  of  the  Eye  in  Aviation. 

"I.  Judgment  of  distance.  Judgment  of  distance  is  assisted  by 
the  power  of  stereoscopic  vision,  and  for  this  reason  the  eyes  of  all 
candidates  for  admission  in  the  Aviation  Section,  Signal  Corps  of 
the  United  States  Army,  have  had  their  binocular  vision  tested  by 
means  of  a  stereoscope.  Inability  to  stereoscope  quickly  and  ac- 
(!urately  is  considered  a  cause  for  disqualification.  We  know  that 
if  a  man  loses  one  eye  he  is  often  able  to  judge  distance  very  accurate- 
ly with  the  remaining  one,  but  it  requires  time  for  him  to  develop 
this  power.  It  would  therefore  seem  logical,  at  least  Avhile  we  are 
able  to  select  our  men  carefully,  to  accept  only  those  with  normal 
stereoscopic  vision. 

"Speaking  of  error  of  judgment  in  flying  as  a  cause  of  aeroplane 
accidents,  Anderson  states  that  this  error  may  occur  in  getting  off 
the  ground,  in  the  air,  or  Avhen  landing.  Of  the  58  crashes  in  the 
'V  series,  this  cause  accounted  for  42 — 4  in  getting  off  the  ground 
and  38  in  landing. 

"Of  the  many  examples  of  error  in  judgment  in  flying,  perhaps 
the  commonest  is  when,  on  landing,  the  pupil  misjudges  his  distance 
from  the  ground  and  either  flattens  out  too  soon  and  'pancakes,' 
with  a  possible  crash,  depending  on  the  height,  or  else  flattens  out 
too  late  and  strikes  the  ground  at  a  great  angle,  usually  overturning 
and  wrecking  the  machine." 

Howard  (Amcr.  Jour.  OpJithcd.,  Sept.,  1919,  p.  656,  and  Archiv. 
Ophthal.,  Sept.,  1919,  p.  461)  concludes  that  the  binocular  parallax 
is  the  most  important  of  the  personal  factors  which  aid  us  in  the 
judgment  of  distance  and  power  of  depth  perception.  He  presents 
and  describes  in  detail  the  tests  with  an  apparatus  for  determining 
the  factors  active  in  this  judgment  and  their  normal  limits  and  states 
that  while  the  findings  with  the  outdoor  test  coincide  very  closely 
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with  those  of  the  6  meter  indoor  test,  they  do  uot  warrant  its  sub- 
stitution for  the  latter.  The  minimal  binocular  parallactic  angle 
varies  greatly  Avith  individual  and  seems  to  depend  upon  visual 
acuit}',  visual  symmetry  and  muscle  balance,  to  a  large  extent. 

"It  is  difSeult  to  estimate  and  account  for  some  of  these  errors  of 
judgment  in  flying.  In  some  cases  it  may  be  due  to  insufficient  in- 
struction. In  other  cases,  even  after  prolonged  instruction,  the  pupil 
may  still  misjudge  distance,  and  on  examination  one  occasionally 
finds  that  his  standard  of  vision  is  below  normal;  but,  on  the  other 
hand,  he  may  be  found  physically  fit,  with  normal  vision  and  normal 
muscle  balance.  In  the  latter  case  Anderson  believes  it  may  be  a 
question  of  delayed  reaction  time,  and  especially  the  visual  reaction 
time,  upon  which  the  aviator  is  so  much  dependent.  Normally  this 
reaction  time  is  nineteen  one-hundredths  or  twenty  one-hundredths 
of  a  second.  It  may  be  delayed  by  fatigue  and  excesses,  but  in  some 
individuals  who  are  otherwise  physically  lit  it  is  found  to  be  much 
slower  than  in  others. ' ' 

The  test  for  the  simple  visual  reaction  time  has  not  seemed  to  be 
of  such  practicjil  value  as  the  Reeves  visual  discriminating  reaction 
time  test  Avhich  is  of  great  ophthalmo-psychologic  value. 

"Heuee,  in  the  selecting  of  candidates  for  aviation  the  visual  and 
other  reaction  times  should  be  normal.  By  the  French  medical  au- 
thorities on  aviation  candidates  are  rejected  if  simple  reaction  times 
are  found  to  l)e  of  the  delayed  type.  The  Italians  also  seem  to  lay 
considerable  stress  upon  simple  reaction  time.  The  men  who  have 
done  tlie  most  work  in  reaction  time  in  this  countrj^,  are  of  the 
opinion  that  simple  reaetion  time  is  of  little  value  in  the  selection 
of  candidates  for  aviation.  The  accurate  determination  of  the  visual 
discrimination  reaction  time  and  other  complex  reaction  times  might 
be  of  considerable  value.  It  would  seem  as  though  physical  condi- 
tion ou  a  given  day  and  the  added  strain  of  low  oxygen  tension  should 
be  taken  into  consid;n-ation  in  seeking  the  cause  of  the^e  accidents. 
AVe  kiiovr  that  there  might  be  a  temporary  visual  disturbance  or 
Aveakeuiug  of  the  exlei'ual  ocu.lar  muscles,  and  this  might  account 
for  some  of  the  accidents.  Naturally,  examination  of  the  eyes  later 
on  might  show  nothing. 

"II.  Normal  visual  acuity.  As  long  as  we  can  in  this  country 
select  only  those  men  with  practically  perfect  vision  it  would  seem 
well  to  do  this.  A  man  Avitli  poor  vision  will  not  be  able  to  see  an 
enemy  plane  as  soon  as  a  man  with  perfect  vision.  He  will  not  be 
able  to  accurately  differentiate  objects  seen  from  the  air  in  selecting 
a  hinding  ])^nce,  and  when  he  has  reached  the  ground  he  will  not  see 
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obstructions  in  liis  path  as  clearly  as  he  should.  The  latter  may  re- 
sult in  the  plane  being  'nosed  over.'  "  Normal  visual  acuity  is  rela- 
tively less  needed  by  the  day  bomber,  whose  targets  are  large;  by 
the  night  bomber,  whose  rod  vision  is  more  important  than  that  of 
the  cones  and  by  the  aerial  navigator,  who  can  wear  glasses  with 
perfect  security.  As  Wilmer  says,  "Should  some  ocular  error  be- 
come manifest  in  a  pilot  who  is  good  otherwise,  the  error  should  be 
corrected  and  the  correction  given  in  his  goggles.  The  dangers  to 
which  men  who  depend  upon  goggles  are  exposed,  however,  are  that 
they  may  become  broken,  bloAvn  otf,  or  fogged  or  soiled  with  oil  or 
water. 

"In  a  recent  discussion  of  the  physical  qualities  of  aviators  all 
the  British  officers  and  physicians  taking  part  agreed  that  the  factor 
of  vision  was  of  the  greatest  importance,  and  Clark  plead  for  the  use 
of  a  cycloplegic  in  making  examinations  for  admission  to  the  flying 
corps.  During  tlie  low  oxygen  tension  test  visual  acuity  diminished 
in  28  per  cent,  of  the  normal  men  examined  and  in  37.5  per  cent, 
of  the  men  Avho  were  ocularly  disqualified  for  flying. 

"III.  Normal  color  vision.  It  is  important  that  the  flier  have  nor- 
mal color  vision  in  order  tliat  he  may  accurately  determine  the 
markings  of  the  different  planes,  differentiate  between  signal  lights, 
and  in  helping  him  to  make  landings  at  night.  During  the  day  the 
discrimination  between  the  color  of  a  building,  field,  forest,  or  swamp 
is  essential  in  selecting  a  landing  place.  There  lias  been  no  change 
in  color  vision  during  the  rebreathing  test  or  in  the  low-pressure 
chamber."  Wilmer  fiajs  that  color  recognition  plays  a  most  impor- 
tant part  in  the  success  of  all  types  of  flyers.  On  all  maps  generally 
used  by  observers,  the  woods  are  green,  rivers  blue,  roads  yellow, 
railroads  black,  towns  brown.  These  maps  are  used  for  "spotting" 
important  objects.  Sky-rockets,  with  a  parachute,  are  white,  red, 
or  green,  and  cartridges,  with  and  without  parachutes,  are  of  similar 
colors.  Bengal  flares,  Avhich  are  used  in  woods  and  heavy  under- 
brush, are  red  and  white.  The  aerodromes  use  red  and  green  or  white 
light  for  home-coming  planes,  while  the  planes  themselves  cany  a 
red  light  on  the  port  and  a  green  light  on  the  starboard  side.  In 
a  "dog  fight,"  flyers  of  great  experience  state  it  is  necessary  to  rec- 
ognize the  colors  on  a  machine  in  order  to  avoid  the  possibility  of 
shooting  down  a  friend.  In  artillery  work  the  sense  of  color  is 
necessary  in  order  to  detect  false  roads,  trenches,  and  guns  which 
have  been  camouflaged  by  colored  screens,  trees,  etc.  Infantry  con- 
tact is  one  of  the  most  trying  pieces  of  Avork  that  an  aviator  is  called 
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upon  to  do.  lie  must  be  able  to  recognize,  in  addition  to  eveiytliing 
else,  the  colors  of  the  various  uniforms.  An  observer  tells  of  a  pilot 
who  fk'w  three  times  over  a  bod.y  of  troops  before  lie  felt  it  safe  for 
the  machine-guns  to  be  used.  He  had  poor  vision,  and  his  final  de- 
cision -was  made  only  when  lie  recognized  the  enemy  helmets.  All 
types  of  flyers  over  land  are  liable  to  liave  to  select  quicldy  a  place  for 
forced  landing.  In  this  connection  it  is  stated  by  an  experienced 
flyer  tliat  good  color  vision  is  necessary  to  detect  differences  of  color 
on  the  ground.  A  light  fiekl  indicates  stubble;  a  dark  green  field, 
grass  or  wet,  marsliy  ground ;  dark  green  stripes  running  across 
fields,  water  or  ditclies;  yellow,  sand;  and  rough-brown  spots,  bumps. 

"IV.  Field  of  hiuoctihir  fixaiiun.  It  is  important  that  the  aviator 
be  able  to  carry  the  eyes  as  far  as  possible  in  various  directions  with- 
out turning  his  head  and  witliout  seeing  double.  If  a  man  has  a 
contracted  binocular  field  of  vision,  it  certainly  impairs  his  efficiency, 
Avhether  observing,  figliting.  or  flying.  In  50  per  cent,  of  the  sub- 
normal men  examined  during  the  low  oxygen  tension  test  we  have 
found  contraction  of  the  field  of  binocular  fixation,  tlie  contraction 
being  most  marked  in  tlie  upper  field. 

"V.  Muscle  halancr.  Normal  muscle  balance  shoukl  be  insisted 
upon,  for  even  a  small  defect  may  'be  accentuated  by  tlie  strain  of 
flying  and  lack  of  oxygen  and  result  in  diplopia  or  at  least  a  marked 
contraction  of  the  iieVl  of  binocidar  vision  at  low  altitudes.  Ex- 
ophoria  and  hy])er]:)horici  liave  been  shown  to  be  the  most  important, 
due  to  the  fact  that  the  weakness  of  the  ocular  muscles  caused  by 
the  lack  of  oxygen  produces  diplopia  more  readily  in  exophoria  and 
hyperphoria  than  in  esophoria. 

"VI.  Field  of  vision.  The  field  of  vision  should  be  normal,  as  the 
aviator's  safety  depends  to  a  great  extent  upon  his  ability  to  detect 
enemj'  planes  or  in  training  his  oAvn  plane  in  the  various  fields  while 
his  gaze  is  fixed  straight  ahead.  The  aeroplane  and  the  goggle  also 
do  harm  in  that  they  restrict  the  field  of  vision,  and  many  accidents 
result  from  this.  Everything  should  be  done  to  improve  the  construc- 
tion of  goggles  and  planes  so  that  the  visual  field  will  be  restricted 
as  little  as  possible. 

"VII.  llic  perecpiioii  of  molion  and  its  direction.  The  perception 
of  motion  and  its  direction  is  of  great  importance  to  the  aviator. 
Appropriate  tests  for  measuring  this  have  been  devised.  The  best 
pilots  say  that  they  finally  develop  the  power  to  use  the  periphery 
of  the  retina  so  that  it  is  of  greater  value  in  detecting  enemy  planes 

"VTTI.   The    importance    of   the    eye    in   mninfainine/    eqnilihrinm. 
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Before  going  into  this,  first  let  it  be  stated  tliat  the  subject  of  equi- 
libration is  a  complex  one  and  that  those  of  us  v;ho  have  an  interest 
in  it  from  a  practical  standpoint  appreciate  the  difficulty  of  the 
subject  and  realize  that  although  the  aviator  may  fly  when  one  part 
of  this  mechanism  is  deranged  or  destroyed,  we  believe  that  in  select- 
ing men  for  flying  positions  that  it  is  well  to  make  sure  that  all  the 
senses  used  in  this  complex  act  are  normal.  The  most  important 
factors  in  receiving  impressions  are  deep  sensibility,  tactile  sense,  the 
vestibular  apparatus,  and  the  eyes.  The  central  nervous  system  con- 
nections must  functionate  perfectly  to  use  the  information  it  receives 
to  the  best  advantage.  Finally,  the  muscles  shou  d  be  in  condition 
to  carry  out  the  commands  of  the  central  nervous  system. 

"That  many  aviators  depend  largely  upon  their  visual  impressions 
in  the  maintenance  of  equilibrium  is  evidenced  by  the  fact  that  they 
often  tie  a  piece  of  string  as  a  streamer  to  one  of  the  forw^ard  struts, 
so  that  they  may  more  readily  note  the  first  evidence  of  a  side  slip 
when  they  are  flying  in  a  cloud.  In  spite  of  the  fact  that  we  miss  the 
visual  impressions  when  they  are  not  received,  we  are  still  able  to 
control  tlie  plane  if  the  remainder  of  the  balance  mechanism  is  func- 
tioning normally. 

"IX.  Retinal  sensitivity  to  light.  It  is  important  tliat  the  retina 
be  sensitive  to  light  impressions,  especially  for  those  men  who  are  car- 
rying out  night  bombing  expeditions.  With  this  in  mind,  most  of 
the  allied  nations  require  special  tests  for  retinal  sensitivity."  Cobb 
has  pointed  out  the  need  for  ascertaining  the  photometric  value  of 
the  objects  to  which  the  night  flyer  is  exposed.  Among  these  one  has 
to  consider  the  varying  light  value  of  stars,  of  clear  moonlight,  re- 
flections from  roads,  rivers,  towns,  the  "blinding"  effect  given  by 
tracer  bullets,  lights  at  aerodromes,  skj'-rockets,  cartridges,  flares, 
bursting  shells  and  search-lights.  Practically  it  would  seem  that  one 
who  has  a  good  average  speed  of  adaptation  with  an  average  recovery 
from  exposure  to  light  for  a  brief  period,  w^ould  make  a  safe  night 
flyer,  at  least  from  the  visual  standpoint.  Normality  in  this  quality 
is  perhaps  most  demanded  by  the  naval  aviator  who  must  have  good 
muscle  balance,  stereoscopic  vision  and  night  sight  for  "the  level 
of  the  water  is  difficult  to  judge,  especially  when  the  weather  is  very 
calm  and  at  night."  "Ships"  are  slow  to  answer  the  controls  and 
heterophoria  is  a  common  cause  of  bad  landings.  "A  test  of  the 
contrast  sensitivity  of  the  retina  is  believed  to  be  the  most  useful  for 
our  work,  and  only  men  who  have  normal  sensitivity  in  this  respect 
^vill  1)0  selected  for  night  fl^ving." 
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The  Care  of  the  Flier  and  the  Effect  of  Altitude  and  the  Strain  of 

Flying  on  the  Eye. 

"Even  though  our  aviators  have  been  examined  with  the  greatest 
care  and  their  eyes  are  as  nearly  perfect  as  nature  permits,  the  adapt- 
ing mechanism  of  the  human  machine,  including  the  eye,  was  de- 
signed for  use  on  earth,  and  altitude  adds  an  unusual  strain.  Medi- 
cal men  agree  that  definite  physiologic  changes  occur  in  man  living 
at  high  altitudes  which  permit  them  to  withstand  lack  of  oxygen, 
but  they  believe  from  the  examinations  that  have  been  made  of  fliers 
that  they  do  not  become  acclimated,  but  often  show  rather  rapid 
physical   deterioration. ' '     ■ 

It  is  suggested  that  the  full  record  of  the  csientials  of  the  ocular 
examination  be  kept  with  the  papers  of  each  flier  and  that  a  routine 
monthly  examination  of  the  visual  acuity,  the  external  eye,  the  mus- 
cle balance,  near  point  of  acccmmodation,  the  near  point  of  con- 
vergence and,  if  alterations  in  these  be  found,  the  stereoscopic  vision 
should  be  tested  and  an  ophthalmoscopic  examination  made. 

"The  most  important  ocular  symptom  is  failing  vision.  The  pilot 
complains  that  he  cannot  see  the  ground  clearly  in  landing  and  has 
difficulty  in  picking  out  enemy  planes.  There  may  be  no  defect  in 
vision,  but  there  is  usually  some  slight  error  which  was  previously 
correctable  by  an  unconscious  muscular  effort.  The  muscles  become 
fatigued,  due  to  the  strain  of  flying,  and  the  defect  shows  itself. 

"Certain  individuals  with  apparent  perfect  acuity  of  vision  are 
ocularly  weak  in  that  they  are  unable  to  make  use  of  both  eyes,  due 
to  some  defect  in  binocular  vision  or  fusion  sense.  This  interferes 
somewhat  with  judgment  of  distance,  and  the  disability  tends  to 
increase  under  the  strain  of  aviation  and  lack  of  oxygen,  resulting  in 
bad  landings,  'crashes,'  and  consequent  loss  of  personnel  and  ma- 
terial.    These  conditions  may  often  be  improved  by  treatment. 

"Irritation,  congestion,  and  inflammation  of  the  conjunctiva  and 
epiphora  were  common  complaints  of  the  fliers  at  Chanute  Field. 
Most  aviators  realize  the  necessity  for  Avearing  goggles,  but  many  of 
them  fit  poorly,  allowing  the  cold  air  to  strike  the  eye  with  great 
force,  most  often  near  the  internal  canthus  Avhere  the  lachrymal 
puncta  are  situated.  This  probably  accounts  for  the  disagreeable 
symptoms  noted.  The  remedy  is  found  in  the  Avearing  of  properly 
fitted  gogg'es  and  the  use  two  or  three  times  daily  of  a  2  per  cent, 
boric  acid  solution  containing  1  grain  of  zinc  sulphate  to  the  ounce. 
In  some  instances  1  grain  of  cocaine  and  10  to  30  minims  of  1-to- 
1,000  adrenalin  chloride  may  bo  added  to  the  ounce. 
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Goggles. 

"I.  The  glass,  (a)  Should  have  an  optically  plane  surface.  (&) 
Should  have  a  light  transmission  of  90  per  cent,  or  over  for  plain 
white  glass,  (e)  If  a  colored  glass  is  desired,  Noviol  'C,'  with  a  light 
transmission  of  87  per  cent.,  is  excellent.  Euphos  has  given  great 
comfort  and  the  glass  passes  a  good  test.  The  retina  of  the  eye  is 
sensitive  to  the  glare,  and  that  is  probably  one  of  the  causes  for 
physical  fatigue  of  the  aviator.  The  colored  lenses  shut  out  most  of 
the  ultraviolet  rays,  and  some  consider  them  of  great  value  in  bright 
sunlight,  in  snow,  on  water,  and  above  the  clouds.  Many  aviators 
object  to  any  tint  in  their  lenses,  due  to  the  fact  that  they  say  they 
are  unable  to  see  as  well  in  a  fog  and  that  the  color  in  the  lenses 
changes  the  color  of  objects  looked  at,  especially  the  enemy  uniform 
and  the  fields  in  making  landings,  resulting  sometimes  in  the  selec- 
tion of  poor  landing  places  or  in  the  mis  judgment  of  distance,  (d) 
Thickness  of  the  glass :  The  lenses  should  be  2  or  3  millimeters  thick. 
(c)  Many  aviators  insist  upon  some  form  of  so-called  nonbreakable 
glasses,  which  is  nothing  more  than  two  pieces  of  glass  with  a  piece 
of  celluloid  between.  This  piece  of  celluloid  cuts  down  the  trans- 
mission of  light  between  16  and  19  per  cent.,  and  no  matter  how  clear 
the  celluloid  is  originally,  it  deteriorates  with  age  and  becomes  yel- 
low and  less  transparent.  When  these  glasses  are  struck  with  con- 
siderable force  the  glass  on  the  posterior  surface  splinters  off  and 
flies  into  the  eye.  Even  with  these  disadvantages,  some  men  insist 
upon  the  nonbreakable  feature,  and  perhaps  not  without  reason,  for 
even  though  the  splinters  do  fly  off  the  back  of  the  glass,  the  eye 
closes  immediately  in  an  accident,  and  these  small  particles  would 
hardly  penetrate  the  lids,  and  there  is  no  doubt  that  in  some  instances 
the  celluloid  prevents  the  driving  of  large  pieces  of  glass  toward 
the  eye. 

"II.  VisiKiI  Jicld.  It  is  most  important  that  the  aviator  have  a 
broad  field  of  vision,  and  for  this  reason  a  large  curved  glass  is  de- 
sirable. Without  a  broad  field  of  vision  the  aviator  may  not  see  one 
of  his  own  planes  in  time  to  prevent  an  accident.  Pilots  who  are  do- 
ing actual  fighting  demand  a  broad  visual  field  above  everything  else. 

"III.  Visited  acuity.  It  is  imj^ortant  that  the  aviator  have  keen 
vision,  and  for  this  reason  glass  with  optically  plane  surfaces  should 
be  furnished  and  a  determination  made  of  how  much  visual  acuity  is 
cut  down  by  celluloid. 

"IV,  Safety  to  the  eye.     The  parts  of  the  goggle  which  come  in 
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contact  with  the  brow,  nose,  and  elieeks  should  have  round  edges  and 
be  protected  by  a  soft  cushion. 

"V.  Lightness  and  strength.  The  goggles  should  be  light,  so  that 
they  will  not  cause  discomfort.  They  should  be  simple  in  construc- 
tion and  yet  strongly  made. 

"VI.  Comfort.  The  goggles  should  not  press  upon  the  bridge  of 
the  nose  so  as  to  produce  pain,  and  the  elastic  which  holds  the  gog- 
gles in  place  should  not  be  drawn  too  tight.  An  adjustable  inter- 
pupillary  distance  might  be  valuable. 

"VII.  Cleansing.  Goggles  should  be  easily  cleaned,  and  there 
should  be  no  place  for  vermin  to  hide. 

"IX.  Protecting  sinuses.  There  should  be  sufficient  covering  in 
connection  Avith  the  goggles  to  protect  the  frontal  sinus.  Aviators 
often  complain  of  pain  in  this  region  when  it  is  left  exposed. 

"X.  Ventilation.  The  goggles  should  be  carefully  adjusted  so  that 
there  are  no  leaks,  especially  near  the  nose,  w^liich  would  permit  the 
wind  to  strike  the  internal  canthi  directly.  ]\Iost  of  the  aviators  who 
have  done  fighting  at  high  altitudes  believe  that  the  goggles  should 
be  equipped  with  some  indirect  method  of  ventilation. 

"XI.  Material  for  lenses.  Glass  is  best.  Celluloid  and  gelatin 
smear  too  easilj'  and  celluloid  deteriorates  too  rapidly.  Mica  chips 
and  cracks. 

"XII.  Noninflammaljlc.  The  material  of  which  the  goggle  is  com- 
posed should  be  noninflammable  and  for  this  reason  any  woolly  ma- 
terial is  dangerous,  as  it  burns  readih\  Incendiary  bullets  are  now 
being  used,  and  they  cause  great  damage  when  they  strike  a  gas  tank. 

"XIII.  To  further  prevent  injury  to  the  aviator,  all  parts  of  the 
fuselage  or  control  system  which  he  is  liable  to  strike  in  falling 
should  be  protected  by  pneumatic  cushions. 

"Doctors  and  professional  aviators  have  noticed  that  during  the 
ascent  respirations  become  more  rapid  and  the  heart  beats  faster  up 
to  an  altitude  of  1,500  meters.  At  this  altitude  the  vision  may  be- 
come less  clear,  although  a  French  observer  states  that  at  2,000 
meters  the  visual  acuity  usually  increases  by  a  third  by  reason  of  the 
congestion  of  all  the  organs  of  the  head  and  in  particular  of  the 
choroid  and  of  the  retina.  Visual  acuity  tests  carried  out  under 
low-oxygen  tension  on  the  rebreathing  apparatus  and  in  the  low- 
pressure  chamber  have  not  shown  any  luarked  increase  in  vision. 
On  the  contrary,  the  improvement,  when  it  occurred,  has  usually 
been  slight,  but  more  often  the  vision  has  remained  unchanged  and 
in  a  fcAv  eases  has  fallen  off  considerablv. 
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"During  the  descent,  there  is  another  series  of  phenomena  which 
increases  as  one  approaches  the  ground.  .It  is  first  the  sensation  of 
smarting  of  the  face  with  redness  and  very  high  color.  The  eyes 
sting  and  are  injected.  The  nostrils  are  moist  and  then  comes  a 
lieadache,  or  more  exactly  a  sort  of  heavy  feeling  in  the  head  with  a 
sensation  of  obstruction.  Swelling  in  the  pharynx  at  the  level  of 
tlie  larynx.     Finally  there  is  a  strong  tendency  to  sleep. 

"To  explain  these  difficulties  during  the  descent,  one  may  admit 
that  an  airman  who  falls  to  the  earth  in  four  or  five  minutes  or  less, 
after  having  attained  3,000  or  4,000  meters  of  elevation  in  20  min- 
utes, had  not  had  time  to  adapt  his  circulatory  system  to  the  different 
barometric  pressures.  From  the  experimental  work  done,  the  change 
in  oxygen  tension  would  seem  to  be  the  most  important  factor  in  the 
production  of  symptoms. 

"The  question  of  correcting  lenses  is  an  important  one  and  most 
ophthalmologists  feel  that  it  is  better  in  principle  not  to  have  vision 
corrected  by  lenses,  at  least  as  long  as  we  are  able  to  obtain  men 
with  nearly  perfect  vision.  The  aviator  needs  perfect  vision  and  a 
normal  ability  to  distinguish  colors,  a  rapid  valuation  of  distances 
and  the  faculty  of  accommodating  rapidly.  There  have  been  many 
accidents  described  as  due  to  hyperopia,  myopia,  and  astigmatism, 
and  it  is  a  question  if  it  would  not  be  well  to  use  a  cycloplegic  in  the 
examination  of  all  candidates  for  admission  to  the  flying  corps. 

"The  research  work  done  in  the  Medical  Research  laboratory  has 
shown  definitely  that  a  flier's  life  depends,  to  a  great  extent,  upon 
his  ability  to  keep  in  condition,  both  mentally  and  physically.  Loss 
of  sleep,  dissipation,  or  illness  will  so  lower  his  resistance  that  his 
eyes  break  more  readily  under  the  added  strain  of  low-oxygen  ten- 
sion, which,  in  actual  fiying,  would  frequently  result  in  death. 

"When  every  flier  understands  this  fact  we  Avill  have  a  more  effi- 
cient flying  corps  and  fcAver  accidents. 

"Aviation  medical  authorities  having  reported  that  aviators  in 
the  war  zone  were  using  tobacco  to  excess,  smoking  while  in  the  air 
as  well  as  iiicessantly  Avhile  on  the  ground,  the  problem  of  the  effect 
of  tobacco  upon  the  eye  Avas  taken  up  by  the  Research  Laboratory 
at  Hazelhurst  Field  and  the  folloAving  conclusions  reached:  Ap- 
-  proximately  75  per  cent,  of  .smokers  have  definite  though  temporary 
effects  upon  vision  from  a  single  cigar,  and  almost  an  equal  propor- 
tion show  a  rise  in  blood  pressure,  while  there  is  an  increased  pulse 
rate  in  nearly  90  per  cent.  This  effect  is  also  temporary,  although 
John,  in  1913,  reported  that  the  use  of  two  cigars  caused  a  rise  of 
blood  pressure  lasting  for  tAvo  hours  after  the  cessation  of  smoking. 
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In  1907  Hesse  found  similar  pressure  effects.  Xonsmokers  have  not 
as  3'et  been  tested  in  numbers  to  afford  a  report.  Only  one  enters 
this  series.  He  shoAved  a  fall  of  0.3  in  visual  acuity.  Accommoda- 
tion fell  off  15  millimeters.  There  was  ajiparent  reduction  in  retinal 
contrastivity  of  1  millimeter.  8ome  giddiness  occurred  at  18  min- 
utes from  start,  accompanied  by  slight  nausea." 

It  is  possible  that  the  frequency  of  hesperanopia  in  the  late  com- 
batant armies  nia.y  be  an  effect  of  excessive  consumption  of  tobacco 
without  the  occurreiice  of  a  typical  tobacco  amblyopia.  Practically 
the  same  results  are  produced  by  the  inhalation  of  one  or  two  ciga- 
rettes as  are  given  by  smoking  one  cigar. 

There  is  little  of  a  specific  type  in  the  ocular  accidents  and  dis- 
orders of  aviation.  The  frequency'  with  which  latent  refractive  er- 
rors, notably  hyperphoria  and  small  degrees  of  heterophoria  are 
made  manifest  by  the  prolonged  ocular  concentration  has  already 
been  noted.  Zade  reports  165  cases  of  ring  scotoma  met  Avith  among 
officers  and  men  of  the  aviation  service.  The  scotoma  begins  on  the 
temporal  side,  assuming  first  a  crescentic  and  later  a  circular  form, 
though  the  ring  is  often  incomplete  above.  The  scofomata  for  the 
most  part  lie  very  peripherally,  are  small,  usually  relative,  bilateral 
and,  quite  rarely,  two  concentric  rings  may  be  found  in  one  eye. 
The  earliest  onset  noted  Avas  three  Aveeks  after  beginning  duty  in 
this  particular  service.  Involution  is  verA^  probable.  Zade  considers 
the  cause  to  be  dazzling  by  diffuse  light.  No  connection  was  observed 
betAveen  the  refraction  or  the  pigment  content  of  the  uvea  and  the 
degree  of  the  disorder.  Temporary  rest  and  the  use  of  colored  glasses 
on  the  resumption  of  active  service  are  recommended. 

Graeme  Anderson  (Jour.  Royal  JVav.  Med.  Sen'.,  Vol.  IV,  No.  1, 
Jan.,  1918,  p.  51)  in  a  discussion  of  aeroplane  accidents,  shoAvs  that 
the  greater  number  of  "crashes"  Avhicli  haA'e  damaged  the  aeroplane 
to  a  degree  necessitating  its  repair  or  rebuilding  in  a  Avorkshop,  as 
opposed  to  "bad  landings"  Avhere  the  damage  is  small  and  can  be 
repaired  by  flight  mechanics,  occurs  during  the  first  seven  solo  flights. 
Naturally,  more  occur  during  the  first  tAvo,  Avith  a  rapid  diminution 
from  the  third  to  the  sixth  and  a  rapid  rise  again  in  the  seventh, 
suggesting  the  inference  that  by  the  time  the  pupil  arrives  at  his 
seventh  solo  he  often  becomes  over-confident  and  a  little  careless. 

The  causes  of  aeroplane  accidents  are  enumerated  as  f oIIoavs  :  (1) 
Defect  in  aeroplane;  (2)  error  of  judgment  in  flying;  (3)  loss  of 
head;  (4)  brain  fatigue  or  lethargy;  (5)  fear;  (6)  physical  illness; 
(7)  unavoidable  causes.  Among  these,  errors  of  judgment  are  blamed 
in  42  out  of  a  total  of  58  crashes  in  9,000  flights,  or  1  in  every  560, 
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and  of  these  4  oeeurred  in  getting  off  the  ground  and  38  in  landing. 
As  exampk's  of  "loss  of  head"  Avhich  caused  7  out  of  58  accidents, 
tlie  pupil,  in  an  emergency  may  move  the  throttle  the  wrong  way, 
may  keep  his  engine  full  on  when  he  should  throttle  down,  or  may 
switch  off  his  engine  at  a  moment  Avheu  he  requires  all  the  flying  speed 
possible.  Cold  and  fatigue  may  produce  faintness  or  stupor  in  the 
air.  In  brain  fatigue  there  is  no  power  "to  reason,  decide,  or  act." 
A  state  of  mental  inertia  supervenes. 

The  great  majority  of  "crashes"  are  fatal  at  once,  or  if  not,  the 
injuries  are  so  multiple  and  general  that  they  altogether  overshadow 
the  local  lesion  whicli  may  iiu'identally  affect  the  eyes  as  in  any  fall 
from  a  height. 

Before  the  cowls  of  the  machines  were  cut  down  many  ocular  in- 
juries occurred  as  a  result  of  the  head  striking  this  portion  of  the 
car  but  these  contused  and  lacerated  wounds  are  seldom  seen  now. 
Tyson  (Arch,  of  OpliilioL,  March,  1918,  p.  204)  records  a  ease  of 
traumatic  paralysis  of  the  left  abducens  following  a  collision  at  400 
feet,  both  machines  falling  to  the  ground.  A  fractured  clavicle  and 
nose  and  extensive  orbital,  subconjunctival  and  subcutaneous  hem- 
orrhages were  associated  with  a  contused  wound  of  the  left  brow. 
The  man  was  left  with  a  traumatic  paralysis  of  the  left  abducens  but 
without  other  muscular,  pupillary  or  fundal  involvement.  As  the 
hemorrhage  disappeared,  motility  improved,  favoring  the  presump- 
tion that  the  injury  to  the  sixth  nerve  was  intraorbital  and  the  prog- 
nosis good.  Similar  traumatic  cases  have  required  6  to  12  weeks  for 
complete  recovery,  while  the  few  with  recovery  only  partially  may 
represent  cases  of  nuclear  injury,  of  laceration  in  the  course  of  the 
sixth  nerve  over  the  fossal  floor,  or  of  neuro-muscular  damage  as  a 
residual  local  defect.  Naturallj-  in  the  cases  with  basilar  involve- 
ment, which  it  may  be  presumed  includes  the  majority,  the  usual 
ocular  manifestations  of  basilar  fracture  appear. 

Deseomps,  Merle  and  Quercy  {Bull.  Soc.  Med.  des  Hop.,  Dec.  13, 
1918,  p.  1155)  state  that  the  uncontrollable  abduction  of  one  or  both 
eyeballs  which  is  seen  not  rarely  during  rotation  tests  and  which 
may  occur  after  severe  flights  and  aerial  shock,  may  be  associated 
with  relics  of  paresis  of  the  sixth  pair,  though  it  may  also  be  ob- 
served with  injury  of  the  eighth  pair. 

Four  cases  are  described  with  evident  lesions  in  the  vestibular  or 
cochlear  domain.  The  convergence  of  the  eyeballs  can  thus  be  re- 
garded as  an  indirect  sign  of  a  lesion  in  the  apparatus  of  hearing, 
as  also  of  injury  of  the  oculomotor  centers  or  of  the  centrifugal 
branch  of  the  reflex  arc  affecting  the  motor  nerves  of  the  eye.     It  is 
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a  phenomenon  that  interests  not  onlj-  the  neurologist  but  also  eye 
and  ear  specialists. 

In  view  of  the  possibility  of  more  frequent  involvement  of  the 
sixth  pair  after  aviation  injuries,  with  permanent  convergence  ex- 
cess resulting-  from  residual  paralysis,  it  is  probable  that  the  opera- 
tion of  muscle-substitution  will  acquire  a  far  greater  future  vogue 
than  it  enjoys  at  present. —  (L.  M.) 
Warburg's  tincture.  A  powerful  antiperiodic  and  tonic  preparation 
of  quinin  sulphate,  aloes,  rhubarb,  with  aromatic  and  other  tonic 
drugs.  It  is  used  for  its  tonic  effects  in  chlorosis  and  anemia. 
Wardrop,  James.  A  famous  British  surgeon,  of  much  importance  in 
ophthalmology.  Born  Aug.  4,  1782,  at  Torbane  Hall,  Linlithgowshire, 
Scotland,  he  studied  at  Edinburgh,  where  he  was  a  pupil  of  his  uncle, 
the  celebrated  Andrew  Wardrop.  At  nineteen  years  of  age  he  be- 
came house  surgeon  in  the  Royal  Infirmary.  After  a  year  or  so  in 
Paris  and  Vienna  he  settled  in  Edinburgh. 

In  1808,  when  only  twenty-six  j^ears  of  age,  he  removed  to  London, 
and,  on  March  18,  1814,  became  a  Member  of  the  Royal  College  of 
Surgeons.  Because  of  a  lucky  cure  in  the  eye  of  a  horse  belonging 
to  the  Prince  of  Wales,  he  was  made  extraordinary  surgeon  to  the 
Regent,  and  in  1828,  surgeon  to  the  King.  He  was  also  offered  a 
baronetcy,  but  this  he  declined. 

In  1826  he  founded  the  West  London  Hospital  of  Surgery,  which 
he  himself  supported  at  his  own  private  cost  for  eight  long  years,  its 
doors  being  always  open  to  brother  physicians  and  to  the  indigent 
' '  without  money  and  without  price. ' '  His  chief  performances  were  in 
the  general  field;  yet  he  was  also  a  celebrated  ophthalmic  operator. 

Wardrop  was  always  testy  and  hard  to  get  along  with.  Even  his 
friends  were  bound  to  admit  his  extreme  stubbornness  and  unreasoiL 
According  to  one  authority,  for  the  last  thirty  years  of  his  life  he  was 
never  seen  in  a  medical  or  surgical  gathering  of  any  kind. 

Wardrop  died  Feb.  13,  1869,  aged  87  years. 

In  addition  to  works  of  a  general  character,  which  are  numerous 
and  very  valuable,  he  Avrote  :  1.  Observations  on  the  Effect  of  Evacu- 
ating the  Aqueous  Humor  in  Inflammations  of  the  Eyes;  and  on  the 
Changes  Produced  in  the  Transparency  of  the  Cornea,  from  the  In- 
crease or  Diminution  of  the  Contents  of  the  Eye-ball.  (Edinhurgh 
Medical  Journal,  III,  1807,  pp.  56-62.)  2.  Essays  on  the  Morhid 
Anatonnj  of  the  Human  Eije.  Vol.  I,  1808,  Vol.  II,  1818.  2d  ed.,  2 
vols.,  1834,  (The  very  first  book  to  be  devoted  exclusively  to  this  sub- 
ject.) 3.  Practical  Observations  on  the  Mode  of  Making  the  Incision 
of  the  Cornea  for  the  Extraction  of  the  Cataract.     {Edinhurgh  Medical 
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Journal,  V,  1809,  pp.  1-9.)  4.  Observation  on  Fungus  Haeniatodes,  or 
Soft  Cancer,  in  Several  of  the  Most  Important  Organs  of  the  Human 
Body.  (Edinburgh,  1809;  Ger.  Trans.  Leipsic,  1817;  Dutch  Trans., 
Amsterdam,  1819.)  5.  Historij  of  James  Mitchell,  a  Boy  Born  Blind 
and  Deaf;  with  an  Account  of  the  Operation  Performed  for  the  Re- 
cover y  of  His  Sight.  (London,  1813.)  .6.  Account  of  the  Rheumatic 
Inflammation  of  the  Eye.  (Med.  Chir.  Trans.,  X,  1,  1818.)  7.  Case  of 
a  Lady  Born  Blind,  Who  Received  Sight  at  an  Advanced  Age  by  the 
Formation  of  an  Artificial  Pupil.  {Philos.  Trans.,  1826.)  8.  A  Piece 
of  Golden  Wire  Embedded  Upwards  of  Three  ]\Ionths  in  the  Cornea. 
{Lancet,  X,  pp.  476-826.)  9.  Sketch  of  the  Life  and  Writings  of  the 
Late  Benjamin  Crihson,  Surgeon  in  Manchester.  10.  Disorders  of  the 
Retina  Occasioned  by  Derangement  of  the  Alimentary  Canal.  {Lancet, 
XXVII,  1833-4,  p.  46.)  11.  Disorders  of  the  Retina  Occasioned  hy 
Disturbed  Action  of  the  Heart.  12.  Scarifying  the  Conjunctiva.  {lb., 
XXV,  p.  240  and  823.)  13.  On  the  Treatment  of  Staphyloma.  {lb., 
XXVII,  p.  197.)  14.  A  remarkable  Lusus  of  the  Lacrymal  Organs 
and  Conjunctiva.  {lb.,  p.  344.)  15.  On  the  Analogy  in  the  Diseases 
of  Similar  Structures  Situated  in  Different  Parts;  Illustrated  from 
Gonorrhoea  and  Purulent  Ophthalmia.  {lb.,  p.  514.)  16.  On  the 
Sympathy  Between  the  Eyes.  {lb.,  XXVII,  1834,  5,  p.  616.)  — (T. 
H.  S.) 

Ward,  William  Charles  Augustus.  An  English  ophthalmologist  of 
great  promise,  who  died  young.  Born  in  1879,  he  studied  at  St. 
Thomas's  Hospital,  became  senior  house  surgeon  at  the  Royal  London 
Ophthalmic  Hospital,  and  then  was  made  ophthalmic  inspector  for  the 
Public  Health  Department,  in  Egypt.  He  died  in  1911  at  the  British 
Ophthalmic  Hospital,  Jerusalem,  aged  only  32. —  (T.  H.  S.) 

Ware,  James.  He  was  a  London  surgeon,  who  devoted  most  of  his  time 
to  ophthalmology.  The  date  of  his  birth  is  unknown,  but,  probably, 
it  was  not  far  from  1750.  He  died  at  London  in  1816.  Donders  {Re- 
fraction and  Accommodation,  p.  326)  believes  that  he  was  probably 
entitled  to  the  honor  of  discovering  hypermetropia. 

His  ophthalmologic  writings  are  as  follows:  1.  Remarks  on  the 
Ophthalmy,  Psorophthalmy  and  Purulent  Eye,  with  Methods  of  Cure. 
(London,  1780.)  2.  Chirurg.  Observations  Relative  to  the  Epiphora, 
or  Watery  Eye,  the  Scofidous  and  Intermittent  Ophthalmy,  etc."  (2 
vols.,  London,  1782;  1804.)  3.  A  Treatise  on  the  Cataract,  ivith  Cases. 
(London,  1793.)  4.  Enquiry  into  the  Causes  which  have  Prevented 
Success  in  the  Operation  of  Extracting  the  Cataract.  (London,  1795, 
1804.)  5.  Remarks  on  the  Fistida  Lacrymalis.  (London,  1798.)  6. 
Chirurg.  Observas.  Relative  to  the  Eye.     (2  vols.,  London,  1798;  2d 
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ed.,  1805;  3cl  ed.,  1818.)  7.  Remarks  on  the  Purulent  Ophthalmia 
which  has  Lately  been  Epidemical  in  this  Country.  (London,  1808, 
8  TO.,  57  pp.)  — (T.  H.  S.) 

Ware,  Lyman.  A  pioneer  Chicago  ophthalmologist,  one  of  the  founders 
of  the  Chicago  Ophthalmologieal  Society.  Born  at  Granville,  111., 
Nov.  11,  1841,  a  son  of  Ralph  and  Lucinda  A.  (Clark)  Ware,  he  prac- 
tised ophthalmology  in  Chicago  for  more  than  forty-five  years.  After 
studying  in  several  European  clinics  he  became  oculist  and  aurist  to 
the  Presbyterian  Hospital  and  the  Chicago  Orphan  Asylum,  and  from 
1871  to  1889  was  surgeon  to  the  Illinois  Charitable  Eye  and  Ear  In- 
firmary. One  of  the  founders,  in  1880,  of  the  Chicago  Ophthalmo- 
logieal Society,  he  was,  in  1889,  its  vice-president  and  ten  years  later 
its  president.  He  translated  into  English  (by  special  permission  of 
the  author)  under  the  title  "Clinical  Studies  of  Diseases  of  the  Eye" 
(Blakiston  Son  &  Co.,  Phila.,  1885)  Arlt's  Text-Book,  a  work  that 
v/as  for  some  time  used  by_  medical  students  especially  in  western 
America. 

Ware  was  a  small,  stoutish  man,  smooth-faced,  of  fair  complexion 
and  with  light-blue  eyes  and  brown  hair.  He  was  very  polite,  quiet 
and  reserved  in  manner,  but  a  man  of  much  deep  feeling.  He  was 
fond  of  general  reading,  and  had  a  choice  collection  of  rare  books. 
He  was  a  Republican  and  a  Presbyterian;  for  years  an  elder  in  the 
church. 

He  married,  June  7,  1877,  Elizabeth  A.  Law.  His  death  occurred 
in  Chicago,  June  1,  1916.— (T.  H.  S.) 

Warlomont,  Evariste.  A  celebrated  Belgian  ophthalmologist,  for  a 
long  time  chief  editor  of  the  Annates  cVOcuUstique.  Born  at  Aubel, 
near  Liege,  Belgium,  Nov.  26,  1820,  he  received  the  degree  of  M.D.  at 
Louvain,  and  then  was  an  army  surgeon  for  about  seven  years.  In 
1850  he  became  editor  of  the  Annates,  a  position  which  he  held  until 
his  death,  almost  41  years.  In  1852  he  was  made  director  of  the 
Ophthalmic  Institute  at  Brussels  and  oculist  to  the  King.  In  1860  or 
'61,  he  founded  the  Ophthalmic  Institute  at  San  Remo,  Italy.  He  was 
a  very  active  member  of,  and  was  almost  always  present  at,  the  meet- 
ings of  the  various  International  Ophthalmologic  Congresses.  Indeed 
a  number  of  these  affairs  well  nigh  OAved  their  existence  to  Warlomont. 
He  died  at  Brussels  Jan.  22,  1891,  after  a  long  and  painful  illness, 

Warlomont,  together  with  Testelin,  translated  into  French  Mac- 
kenzie's "Practical  Treatise  on  Diseases  of  the  Eye."  He  also  wrote 
a  large  number  of  articles,  which,  for  the  most  part,  appeared  in  the 
Aiinales  and  in  the  Diet.  Encyclop.  des  Sciences. —  (T.  H.  S.) 
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Warnatz,  Gustav  Heinrich.  A  well  known  German  physician  and  oph- 
thalmologist. Born  Feb.  27,  1810,  at  Camenz,  he  received  his  medical 
degree  in  1882  at  Leipsic.  For  sLx  years  he  practised  general  medicine 
at  Camenz,  then  removed  to  Dresden,  where  he  also  practised  general 
medicine,  and  became  assistant  to  von  Ammon.  In  1849  he  was  ap- 
pointed physician  to  the  Dresden  Institution  for  the  Blind,  and  died 
May  18,  1872.— (T.  H.  S.) 

War  nephritis.  A  term  suggested  hy  J.  Kirk  {British  Mid.  Jonrn., 
Jan.  5,  1918)  for  Trench  nephritis.  Sec  War,  Ophthalmic  medi- 
cine and  surgery  in. 

Warner,  Joseph.  A  famous  London  surgeon  of  some  ophthalmologic 
importance.  Born  in  1717,  on  the  Island  of  Antigua,  British  W.  I., 
he  studied  at  London  under  Samuel  Sharp,  became  professor  of 
anatomy  at  St.  Thomas's  Hospital  and  surgeon-in-chief  at  Guy's — 
positions  which  he  held  for  more  tlian  forty  years.  He  died  in  London, 
aged  8-4,  eJuly  24,  1801. 

Besides  his  numerous  and  highly  important  works  on  general  sur- 
gery,  he  wrote  "Description  of  the  Human  Eye  .  .  .  together 
with  their  Principal  Diseases"  (London,  1754;  4th  ed.  in  1784).  This 
work  contained  no  new  matter,  but  is  worthy  to  be  remembered  be- 
cause it  is  the  earliest  clear,  extensive  and  sensible  work  on  ophthal- 
mology composed  bj'  an  Englisli  writer. —  (T.  II.  S.) 

Warren,  John  Collins.  A  famous  American  pliysician,  of  some  im- 
portance in  ophthalmology  because  of  his  skill  as  a  cataract  extractor 
and  because  of  his  having  been  "the  first  to  describe  a  case  of  acci- 
dental dislocation  of  the  lens."  Born  at  Boston,  Mass.,  Aug.  1,  1778, 
son  of  the  Dr.  John  Warren  of  Revolutioiiary  fame  and  founder  of 
the  Harvard  Medical  School,  and  also  a  nephew  of  General  (Dr.) 
Joseph  Warren,  he  was  at  first  intended  by  his  father  to  be  a  mer- 
chant. Youth,  however,  had  its  way,  and  young  John  Collins  after 
graduating  from  Harvard  Avent  to  Europe  in  1799,  where  he  studied 
at  first  with  William  Cooper.  Later,  he  studied  with  William's 
nephew.  Sir  Astley  Cooper,  and  became  a  dresser  at  Guy's  Hospital. 
After  a  year  at  Edinburgh,  and  a  final  year  at  Paris,  he  returned  to 
Boston.  In  1806  he  was  made  adjunct  professor  of  anatomy  and  sur- 
gery at  Harvard,  aud  in  1815,  on  the  death  of  his  father,  full  pro- 
fessor. His  connection  with  the  introduction  of  the  newly  discovered 
ether  anesthesia  is  a  well  worn  story  in  the  history  of  medicine.  He 
also  founded  the  Massachusetts  General  Hospital,  and  assisted  in  the 
institution  of  "The  New  England  Journal  of  Medicine  and  Surgenj," 
which,  after  its  union  with  another  publication,  was  known  as  "The 
Boston  Medical  arid  Surcjical  Journal."     Warren,  as  stated,  was  the 
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first  to  describe  a  case  of  accidental  dislocation  of  the  crystalline  lens 
{New  England  Medical  Journal,  1811)  and  was  also  one  of  the  first 
to  call  attention  to  the  importance  of  rheumatic  inflammation  of  the 
eye 

"Warren  married,  in  1803,  a  daughter  of  Jonathan  Mason.     From 

the  union  six  children  were  born.    In  1843,  his  first  wife  having  died 

two  years  before,  he  married  a  daughter  of  Gov.  Thomas  L.  Winthrop. 

Dr.  Warren  died  May  4,  1856.— (T.  H.  S.) 

Wart.    Verruca.    Papilloma.     See  Verruca;  and  Papilloma,  p.  9241, 

Vol.  XII  of  this  Encyclopedia. 

Wash,  Black.     Lotio  nigra.    A  lotion  of  calomel,  64  gr.,  and  lime-water 

(liquor  calcis),  16  fl.  oz. ;  used  in  treating  syphilitic  sores.     See  p. 

1366,  Vol.  II;  as  well  as  p.  1007,  Vol.  II  of  this  Encyclopedia. 

Washes,  Eye.     See  Collyrium,  p.  2337,  Vol.  IV  of  this  Encyclopedia. 

Wasp-sting,  Ocular  symptoms  from.     See,  also.  Injuries  to  the  eye. 

This  subject  has  been  to  some  extent  treated  under  various  other  cap- 
tions in  this  Encyclopdia.  Here  the  abstract  of  a  paper  by  Y.  Yoshida 
{Am.  Jonrn.  Ophthalmology,  p.  494, 1920 ;  trans,  by  S.  R.  Gifford)  fully 
covers  the  ground.  lie  points  out  that  the  ocular  changes  provoked 
by  bee  and  wasp  stings  are  quite  varied.  Cases  with  stings  of  the  lids 
have  been  reported  by  Zander-Geissler  (1864),  Hilbert  (1904),  Gepner 
(1907),  Kraupa  (1911),  Purtscher  (1911),  and  Orendorff  (1911). 
Among  these,  in  the  cases  of  Gepner,  Kraupa  and  Orendorff,  there 
occurred  also  a  keratitis,  which  took  place  secondarily  by  extension  of 
the  sting  to  the  conjunctival  surface. 

Direct  trauma  to  the  cornea  by  wasp  and  bee  stings  is  noted  by 
Krieg  (1842),  Purtscher  (1895),  Gallemaerts  (1896),  Lewin  and 
Guillery  (1904),  Leplat  (1894),  Kaufmann  (1904),  Joachim  (1904), 
Huwald  (1904),Luniewski  (1906),  Kusama  (1913),  Koyanagi  (1920). 

As  rare  changes,  Hilbert  and  Lewin-Guillery  noted  discoloration  of 
the  iris  (the  first,  greenish  discoloration  of  the  iris)  ;  Huwald  and 
Kaufmann  clouding  of  the  lens ;  Lundy  acute  glaucoma ;  Koyanagi 
acute  glaucoma  and  cataract. 

Concerning  the  pathologic  anatomy,  we  know  nothing  as  to  the 
cause  of  the  peculiar  bluish  discoloration  of  the  iris.  Huwald,  Langer, 
Nagano-Oda,  and  Koyanagi  have,  indeed,  investigated  pathologic 
changes  after  wounds  of  this  kind  by  the  experimental  method;  and 
have,  in  a  praiseworthy  way,  brought  much  to  light.  Of  the  cause  of 
the  iris  discoloration,  however,  they  have  made  no  mention,  as  they 
did  not  succeed  in  producing  this  interesting  bluish  discoloration  ex- 
perimentally. 

Recently  Yoshida  had  occasion  to  observe  a  case  of  keratitis  due  to 
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wasp  sting,  in  which,  besides  the  corneal  changes,  bluish  discoloration 
of  the  iris  occurred.  A  piece  of  the  iris  so  affected  was  secured,  and 
Avas  used  for  microscopic  examination. 

The  case  concerned  a  forty-six  year  old  farmer.  A  wasp  suddenly 
stung  him  in  the  left  eye.  Pain,  lachrymation,  and  swelling  of  the 
lids  folk)wed  at  once,  wliicli  disappeared  after  about  tAvelve  hours. 
The  next  day,  however,  he  found  that  vision  was  poor  in  the  left  eye. 

Ocular  movements  w-ere  free.  The  left  palpebral  fissure  narrower 
than  the  right,  since  the  skin  of  the  lids  was  somewhat  reddened  and 
swollen.  No  remains  of  the  sting  could  be  seen.  Lachrymal  sac  intact. 
The  palpebral  conjunctiva  showed  nothing  abnormal,  except  slight 
hyperemia.  The  bulbar  conjunctiva  Avas  only  slightly  injected  around 
the  limbus. 

The  cornea  showed  in  its  entire  extent  a  diffuse,  grayish  opacity; 
Avhich  on  examination  with  the  loupe  Avas  seen  to  consist  of  numerous 
fine  points,  and  AA'hieh  was  more  opaque  in  the  center  than  peripher- 
ally. The  single  points  were  both  superficial  and  deep.  The  opacity 
shoAved  no  formation  of  ncAV  vessels.  The  whole  surface  of  the  cornea 
presented  fine  inequalities,  and  in  the  middle,  a  fcAV  vesicles  from 
milium  to  pinhead  size.  A  foreign  body  Avas  not  found  in  the  cornea. 
The  striate  opacity  of  the  cornea  mentioned  several  times  in  the  litera- 
ture Avas  not  observed.  The  sensitiveness  of  the  cornea  was  AA^holly  ob- 
literated. 

The  sclera  was  intact.  The  anterior  chamber  of  normal  depth,  and 
showed  no  hypopyon.  The  pupil  Avas  about  7  mm.  in  diameter  (atro- 
pin  mydriasis),  perfectly  round  and  shoAved  no  posterior  synechias. 

The  most  striking  change  in  the  iris  Avas  its  bluish  discoloration. 
This  Avas  the  more  notable  as  the  iris  of  the  other  eye  AA'as  of  a  broAvnish 
color.  The  peripheral  part  of  the  iris  on  the  affected  side,  hoAvever, 
shoAved  a  broAvnish  color,  this  part  had  thus  been  spared  by  the  path- 
ologic change.  The  markings  of  the  iris  appeared  more  or  less  notably 
Avashed  out;  but  its  exact  examination  Avas  impossible  on  account  of 
the  corneal  opacity. 

The  lens  shoAved  in  its  center  a  superficial,  irregularly  outlined 
localized  opacity.  From  the  pupil  a  red  reflex  Avas  barely  obtained. 
Tension  minus.  L.  V.  =  Fingers  at  tAvo  feet,  not  improved  by  glasses. 
Projection  good. 

The  right  eye  had  normal  vision  and  shoAved  nothing  pathologic; 
the  iris  particularly  showed  a  brownish  color. 

As  treatment,  hot  applications,  5  per  cent,  dionin  ointment,  subcon- 
junctival injections  of  Na.Cl.,  a  pressure  bandage,  etc.,  Avere  employed. 
By  these  means  the  corneal  opacity  Avas  somewhat  improved.     But 
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there  remained  in  the  center  a  dense  opacity,  in  which  vesicle  forma- 
tion frequently  recurred,  without,  however,  any  accompanying  increase 
in  tension. 

Two  weeks  after  admission,  blood  vessels  appeared  in  the  deeper 
layers  of  the  cornea.  The  pupil  remained  dilated  and  did  not  react 
to  light,  though  no  more  atropin  was  employed. 

An  optical  iridectomy  was  done  above,  and  the  patient  was  dis- 
charged with  vision  fingers  at  2  feet. 

The  fragment  of  iris  secured  measured  2  mm.  in  breadth  by  1.5 
mm.  in  height.  It  was  at  once  fixed  in  10  per  cent,  formalin,  embedded 
in  celloidin  and  cut  serially  in  sagittal  sections. 

The  striking  finding  to  be  observed  in  the  iris  was  the  absence  of 
its  anterior  limiting  membrane,  together  with  its  endothelium;  so 
that  the  vascular  layer  was  laid  bare.  In  several  sections  at  the  pupil- 
lary border  the  sphincter  was  entirely  bare.  The  remaining  tissue  of 
the  anterior  stroma,  now  limited  anteriorly  by  the  free  surface  and 
extending  posteriorly  directly  to  the  vascular  layer  proper,  was  un- 
usually swollen;  so  that  the  characteristic  reticular  structure  of  this 
tissue  could  no  longer  be  made  out.  It  had,  on  the  whole,  a  smooth  sur- 
face, but  in  parts  presented  deep  furrows,  and  stained  much  less 
deeply  with  eosin  than  the  vascular  layer  beneath. 

Another  noteworthy  finding  was  the  presence  of  a  peculiar  hyalin- 
like  mass  on  the  free  anterior  surface  of  the  iris.  The  latter  showed  a 
flat  configuration,  was  about  .3/x  to  1/a  thick,  firmly  adherent  here  and 
there  to. the  surface  of  the  iris,  larger  towards  the  pupil  than  towards 
the  ciliary  region,  and  in  many  places  turned  forward  at  both  ends,  or 
curled  over.  At  the  places  where  it  showed  a  deepening  on  the  surface 
of  the  iris,  it  penetrated,  wedge-like,  into  the  iris.  It  stained  red  with 
eosin,  yellow  with  Van  Gieson-Weigert,  violet-red  with  Russell's  stain, 
pale-blue  with  Weigert,'s  fibrin  method,  rose-red  with  Loele's  stain, 
and  violet-red  with  Pappenheim's  methyl  pyronia  green. 

In  general,  it  appeared  homogeneous,  but  contained  here  and  there 
shrunken  nuclei  of  leucocytes  and  pigment  granules ;  and  was  sharply 
differentiated  from  the  underlying  iris  tissue.  In  places  it  appeared 
more  or  less  distinctly  divided  into  leaves  or  jDrocesses,  and  showed 
small  laeunie,  which  are  chiefly  placed  with  their  long  axes  parallel 
to  the  iris  surface.    It  was,  however,  nowhere  reticular. 

In  other  respects  the  iris  tissue  presented  a  normal  appearance; 
nowhere  was  pathologic  engorgement  of  vessels  and  inflammatory  in- 
vasion of  leucocytes  to  be  seen.  The  vessels  themselves  were  likewise 
unchanged.  The  posterior  limiting  membrane  and  pigment  cells  of  the 
pars  iridica  retina  were  normal.     The  sphincter  muscle  was,  as  al- 
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ready  mentioned,  partially  denuded  of  its  covering  anterior  stroma 
layer,  so  it  was  left  bare  in  places.  Its  muscular  tissue  appeared  some- 
Avhat  swollen  and  enclosed  many  vacuoles ;  its  nuclei,  however,  took  the 
stain  well. 

"That  the  peculiar  bluish  discoloration  of  the  iris  in  the  case  was 
the  direct  result  of  wasp  sting,  and  did  not  concern  a  so-called  hetero- 
chromia, is  clear  enough  from  the  above  described  histologic  findings. 
Of  these,  the  f olloAving  are  to  be  emphasized  as  especially  important  -. 

"1.  The  absence  of  the  entire  superficial  structure,  of  the  anterior 
stroma  layer. 

"2.  The  presence  in  places  of  peculiar  hyalin-like  masses  on  the 
free  surface  of  the  iris. 

"The  staining  properties  of  the  latter  are  not,  as  above  mentioned, 
quite  typical  for  hyalin.  That  they  cannot,  however,  concern  fibrin 
which  has  exuded  onto  the  iris  surface,  is  apparent  from  their  flat 
form,  homogeneous  appearance  and  nonreticular  structure.  Against 
this,  also,  is  the  fact- that  the  ocular  changes  evoked  by  bee  and  wasp 
stings  are  predominantly  of  a  degenerative  type.  The  lens  opacity  in 
bee  and  wasp  sting  is,  for  example,  not  to  be  considered  as  belonging 
to  the  usual  picture  of  traumatic  cataract.  The  vesicle  formation  on 
the  corneal  surface  must  have  its  origin  in  degeneration  of  the  epithe- 
lium. 

"Pluwald  in  his  experiment  found  necrosis  of  the  anterior  iris  en^ 
dothelium,  without,  however,  any  discoloration  of  the  iris.  Nagano 
and  Oda  also  describe  a  necrotic  change  of  the  endothelium  on  the 
posterior  surface  of  the  cornea  in  Avasp  sting.  It  might  be  well  claimed 
from  this  that  the  superficial  tissue  of  the  anterior  iris  stroma  was  in 
the  present  case  first  changed  by  the  toxic  action  of  the  wasp  sting  into 
a  hyalin-like  mass;  then  separated  by  spaces  from  the  tissue  beneath, 
divided  into  numerous  small  fragments,  and  finally  thrown  off  into 
the  anterior  chamber.  AVhether  the  hypopyon  in  the  anterior  chamber 
mentioned  in  the  literature  in  bee  and  wasp  stings  may  arise,  not  at  all 
from  pus  cells,  but  consist  of  this  necrotic,  cast  off,  hyalin-like  iris 
tissue  and  endothelial  cells,  is  not  clear.  In  any  case  it  is  highly 
desirable  in  the  future,  to  investigate  microscopically  the  contents  of 
the  anterior  chamber  in  cases  of  bee  and  wasp  sting  keratitis  Avith 
liypopyon,  in  order  to  approach  a  solution  of  this  problem. 

"Tliat  the  anatomic  changes  found  in  the  iris  are  of  a  nature  to 
explain  satisfactorily  the  bluish  discoloration  of  the  iris  observed  clin- 
ically may  be  affirmed.  The  iris  color  among  Japanese  is  well  known 
to  be  usually  brownish.  That  this  bromi  color  of  the  iris  is  due  en- 
tirely to  the  richness  in  pigment  of  the  iris  tissue  in  Japanese,  as  op- 
posed to  tlie  scarcity  of  pigment  in  the  irides  of  Europeans,  which  are 
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usually  of  bluish  color,  is  true  beyond  a  doubt.  It  is,  therefore, 
quite  intelligible  that  it  should  appear  blue,  like  that  of  Europeans, 
when  robbed  of  its  richly  pigmented  anterior  stroma  layer,  it  becomes 
poorer  in  pigment.  In  Hilbert's  case,  the  greenish  discoloration  of  the 
iris  had  disappeared  a  week  after  the  accident.  This  restoration  of 
the  normal  condition  in  Hilbert's  case  is  obviously  not  in  accordance 
with  "my  findings ;  since  the  iris  change  in  my  case  is  of  an  irreparable 
nature. 

"The  mydriasis  which,  together  with  the  iris  discoloration,  pre- 
sented during  the  whole  period  of  observation,  was  one  of  the  most 
striking  symptoms. ' ' 

The  vascuoles  in  the  pupillary  sphincter  may  account  for  the  for- 
mer; on  the  other  hand,  it  is  not  impossible  that  the  nerv^e  fibers,  as 
well  as  the  sphincter,  are  affected  by  the  wasp 's  toxin,  and  so  produce 
the  dilatation  of  the  pupil.  The  insensitive  cornea  may  also  be  traced 
to  lesions  of  the  nerves  due  to  toxic  action. 

In  addition  to  the  traumatism  of  the  sting  these  predatory  insects 
undoubtedly  infect  the  wound  with  an  acrid  poison.  Severe  swelling 
of  and  pain  in  the  lid,  and  sometimes  of  other  ocular  parts  stung 
by  the  wasp,  have  been  noted  by  ophthalmologists  requiring  the  usual 
remedies  for  relief. 

Carl  Bar  (Klin.  Montshl.  f.  AugcnheiUi.,  Sept.,  1913)  saw  a  child 
fourteen  days  after  it  had  been  stung  on  the  eye  by  a  wasp.  The  seat 
of  the  sting  was  visible  as  a  small  white  speck  in  the  centre  of  a  red 
spot  downwards  and  outwards  from  the  cornea.  In  the  lower-outer 
part  of  the  pupil  a  triangular  Avhite  opacity  of  the  lens  could  be  seen, 
and  there  was  a  posterior  synechia  of  the  iris  at  the  same  point.  Vision 
was  normal,  and  there  was  no  change  in  the  fundus.  The  lens  opacity 
became  total  and  linear  extraction  was  performed,  good  vision  being 
aftervvards  obtained  with  glasses. 

The  writer  believes  that  the  toxin  of  the  wasp  sting  acted  on  the 
lens,  either  directly  or  through  disturbance  of  the  ciliary  body,  but  the 
possibility  of  direct  injury  to  the  lens  cannot  be  excluded. 
Wassermann's  reaction.  The  complement-fixation  reaction  applied  to 
llie  diagnosis  of  syphilis.  When  the  blood-serum  of  a  syphilitic  patient 
is  mixed  with  an  extract  of  the  liver  of  a  still-born  syphilitic  child, 
no  reaction  takes  place ;  but  if  the  patient  is  not  syphilitic,  hemolysis 
occurs. 

In  a  complement  fixation  test  a  hemolytic  serum  is  added  tu  another 
containing  an  antibody  and  the  corresponding  antigen.  (See  7m- 
mimity  at  the  end  of  Bacteriology  of  the  eye).  The  complement 
(the  active  hemolj'tic  ferment)  of  the  hemolytic  serum  l)ecomes  fixed, 
so  tliat  it  is  incapable  of  producing  hemolysis. 
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See,  also,  Luetin,  p.  7543,  Vol.  X  as  well  as  the  heading  Syphilis  and 
Tabes,  of  this  Encyclopedia. 

The  extreme  value  of  this  test  for  syphilis  has  been  abundantly 
proven  as  time  advances;  it  only  remains  to  define  its  sphere  of  use- 
fulness (espeeiallj'  in  ophthalmology)  more  definitely.  For  this  pur- 
pose the  following  abstracts  are  given : 

Of  the  early  investigations,  those  of  Liegard  and  Offret  {Annales 
d'Oculistiquc,  p.  150,  Vol.  148,  Dec,  1912;  abst.  Oph.  Review,  May, 
1913)  in  the  laboratory  of  the  Quinze-Vingts  during  the  first  half  of 
1912  in  167  patients  suspected  of  syphilis  are  very  valuable.  They  did 
the  Wassermann  proper  with  one  variation  of  the  proceeding,  the 
Hecht-Levaditi  modification,  in  which  one  utilizes  the  natural  comple- 
ment of  human  serum  by  not  heating  this  serum.  For  the  last  month 
they  used  the  Bauer- Weinberg  modification  of  Hecht,  but  by  control 
experiments  they  conclude  that  all  three  methods  give  identical  re- 
sults. 

The  patients  w^ere  put  into  four  categories :  A.  Probable  hereditary 
syphilis — all  those  with  the  recognized  stigmata  of  hereditary  lues  and 
those  whose  mothers  had  had  a  considerable  number  of  miscarriages. 
B.  Certain  acquired  syphilis — cases  actually  showing  chancre,  roseola, 
etc.,  or  with  a  histoiy  of  certain  luetic  infection.  C.  Probable  ac- 
quired syphilis — cases  with  a  history  of  a  group  of  symptoms  recall- 
ing the  period  of  invasion  of  lues  without  the  diagnosis  having  been 
made  at  the  time  of  the  infection.  D.  Doubtful  syphilis — all  the  cases 
whose  ocular  affections  could  be  luetic,  but  who  did  not  present  any 
extra-ocular  lesion  definitely  luetic  and  who  did  not  have  any  affection 
or  any  antecedent  symptoms  referable  to  the  spirochsete. 

The  first  table  shows  the  number  of  -|-  and  —  reactions  in  the  dif- 
ferent categories  for  the  different  affections — to  this  one  has  added  the 
percentages. 

ABC  D 

Disease  Hereditary    Acqr'd.  Cert.  Acqr'd.  Prob.    Doubtful 

+  -  +-+-  +- 

Interstitial  keratitis 23  4  10  5  0  12  6 

Iritis   0  0  4       2  4  1  7  33 

Choroiditis   0  1  1       0  0  0  1  9 

Optic   atrophy    0  0  2       0  2  0  3  6 

Ocular   palsies    0  0  1       1  2  0  6  6 

Sundry  affections 0  0  2       0  1  4  3  14 

Percentages  positive    85  78.5  73.7  30 
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Under  sundry  affections  we  have  3  optic  neuritis,  1  retinitis  pigmen- 
tosa, 3  high  mj^opias  with  macular  lesions,  2  lens  luxations,  2  toxic  am- 
blyopias, 1  keratitis  bullosa,  and  1  infection  of  the  sympathetic  type 
starting  15  days  after  a  cataract  operation — all  negative;  1  complete 
cataract  coming  on  gradually  and  progressing  without  fundus  lesion  in 
a  woman  of  40,  2  orbital  margin  periostitis,  1  eczema  of  lid — all  posi- 
tive; 3  episcleritis,  1  positive,  2  negative;  4  vitreous  hemon-hages,  1 
positive,  3  negative. 

Of  the  167  cases,  80  were  positive  and  87  negative,  i.e.,  47.8  per 
cent,  positive. 

The  sundrj^  affections  being  too  few  in  number  to  give  percentages, 
the  authors  divide  their  cases  into  three  groups,  viz.:  (1)  Interstitial 
keratitis — total  of  old  and  new  cases  51,  of  these  41  positive,  i.e.,  80 
per  cent.  In  category  A.  23  of  the  27  cases  were  positive,  i.e.,  85  per 
cent.,  but  all  the  16  active  cases  were  positive.  The  11  other,  old, 
cases  had  all  followed  out  a  more  or  less  severe  mercurial  treatment, 
but  in  spite  of  this  7  were  positive,  63. G  per  cent.,  and  only  4  negative. 
These  4  had  had  at  least  3  years  of  vigorous  mercurial  treatment,  the 
infections  dating  back  4 — 5 — 9  years. 

In  another  table  are  grouped  the  18  cases  where  they  could  not 
find  anj-  sj'mptom  of  hereditary  lues,  apart  from  the  corneal  lesion. 
In  5  cases,  on  the  contrary,  the  anamnesis  warranted  insertion  in  cate- 
gory C.  In  one  case  the  man  had  been  treated  five  years  before  at 
St.  Louis  for  secondaries. 

In  B.  and  C.  all  six  reactions  were  positive,  and  in  D.  as  many  as 
12  of  the  18  cases  were  positive — 66.6  per  cent.  Except  in  one  ease  of 
16  months'  duration,  that  had  been  well  treated  for  15  months,  the 
negative  reactions  were  in  recent  cases — 3  weeks,  6  weeks,  3  and  5 
months. 

(2)  Irido-choroiditis.  Sixty-three  cases  of  uveal  tract  affection,  17 
positive — 27  per  cent.  Two  tables  are  given  here,  first,  cases  with  lues 
certain  or  probable,  and,  second,  cases  where  nothing  was  found  in 
history  or  clinical  examination  to  warrant  its  being  attributed  to  lues. 
Of  the  13  in  the  first  table  9  were  positive — 69  per  cent. — the  per- 
centage found  by  Levaditi  and  Latapie  in  1911 — while  the  4  negative 
results  were  in  eases  where  lues  was  almost  certain.  None  of  these 
patients  had  carried  out  anti-luetic  treatment  sufficiently  vigorously 
to  modify  the  reaction.  In  the  second  table  are  included  14  cases 
where  no  evidence  had  been  obtained  as  to  the  start  of  the  affection,  or 
treatment  used,  and  where  they  had  to  be  content  with  a  rapid  ex- 
amination the  day  the  blood  was  taken.  In  50  cases  8  were  positive — 
16  per  cent.     In  the  42  negative  cases,  4  times  only  had  a  severe 
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luerourial  treatment  been  able  to  influence  the  reaction,  and  24  times 
there  had  been  no  specific  treatment. 

(3)  Optic  atrophy  and  ocido-niotor  paralyses.  Twenty-nine  tested, 
16  positive — 55  per  cent. 

Under  category  B.  4  cases,  8  positive,  1  negative  in  a  man  distinctly 
tabetic  whose  primary  dated  back  IG  years  and  who  had  been  very 
irregularly  treated  for  only  one  year.  Under  category  C.  4  cases,  all 
positive;  under  D.  21  cases,  9  positive— 42  per  cent.  Of  these  12 
jiegative  doubtful  cases,  6  had  had  no  specific  treatment,  5  times  no 
data  as  to  medical  treatment,- once  only  had  a  serious  mercurial  treat- 
ment been  used  for  one  year. 

In  14  definite  tabetic  cases  13  have  been  positive — 92  per  cent.  The 
15  other  cases  had  no  Argyll  Robertson  pupil,  or  altered  knee-  or 
Achilles-reflexes,  and  of  these  only  3  were  positive — 20  per  cent. 

They  conclude  that  the  reaction  is  not  absolute,  for  assured  luetic 
cases,  treated  little  or  not  at  all,  may  be  negative,  but  a  positive  result 
is  a  strong  presumption  in  favor  of  lues.  Remarkable  is  the  difference 
in  the  results  obtained  in  interstitial  keratitis  and  in  irido-choroiditis, 
although  the  frequency  of  lues  in  the  pathogeny  of  uveal  affections 
has  been  variously  estimated  by  different  authors,  e.  g.,  in  iritis  Manth- 
ner  says  75  per  cent.,  Chevallereau  and  Chaillous  39  per  cent.,  others 
with  Arlt  think  29  per  cent.,  while  some  go  as  low  as  8  per  cent.  In 
clioroiditis  one  finds  still  more  divergence  of  opinion,  many  according 
to  tubercle  the  preponderating  role.  Under  category  D.  the  66  per 
cent,  of  positive  results  in  keratitis  (.-ontrasts  markedly  with  tlie  16  per 
cent,  in  irido-choroiditis. 

W.  H.  Manson,  T.  J.  Mackie  and  H.  E.  Smith  (Brifish  Med.  Jour., 
Feb.  20,  1915)  have  furnished  a  report  on  the  examination  of  250  oph- 
thalmic cases  as  follows:  In  the  tertiary  and  latent  stages  of  syphilis, 
only  75  per  cent,  and  50  per  cent,  respectively,  yield  a  positive  result. 
In  interstitial  keratitis,  the  reaction  was  positive  in  88.8  per  cent. 
In  strumous  keratitis,  the  results  were  negative  in  all.  In  iritis  and 
iridocylitis,  these  cases  were  obtained  in  two  series :  twenty-two  in  the 
first  group  gave  twelve  positive  and  ten  negative  results.  In  the 
second  group  of  twenty-eiglit  cases,  fifteen  Avere  positive,  twelve  nega- 
tive, and  one  doubtful.  Three  cases  of  cyclitis,  uncomplicated,  were 
negative.  In  clioroiditis,  of  twenty-six  cases,  five  gave  positive  and 
twenty  negative  results,  while  one  was  doubtful.  Four  cases  of  sym- 
pathetic ophthalmitis  gave  negative  results,  as  also  did  three  cases 
of  retinitis  pigmentosa.  Five  cases  of  retinal  detachment  gave  nega- 
tive results.  In  inflammation  of  the  optic  nerve  and  retina,  only 
five  positive  cases  were  obtained  out  of  a  total  of  fourteen.  In  optic 
ati-opliy,  of  twenty-one  cases,  57  per  cent,  gave  positive  results,  and  it 
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is  interesting  to  note  that  ten  diagnosed  as  primary  optie  atrophy  were 
all  positive.  The  thirteen  cases  of  paralysis  of  the  ocular  muscles  gave 
seven  positive  results,  of  which  four  were  in  paralysis  of  the  third 
nerve.  All  six  negative  results  were  in  paralysis  of  the  sixth  nerve. 
One  case  of  dacryocystitis  out  of  three  gave  a  positive  reaction.  Six 
cases  of  myopia  with  choroiditis  were  examined.  Two  gave  a  positive 
reaction.  Four  cases  of  glaucoma  were  examined,  with  one  positive 
result.  It  is  interesting  to  note  that  out  of  the  total  number  of  cases 
of  various  diseases  examined,  50  per  cent,  gave  a  positive  reaction. 

That  the  value  of  the  Wassermann  reaction  (which  after  all  is  a 
test  for  the  presence  of  the  trcponcma  pallida,  its  toxins  or  its  organic 
compounds)  depends  upon  the  skill  and  elBciency  of  the  laboratory 
worker  is  brought  out  in  the  essay  of  A.  L.  Fonss  {TJgeskrift  for 
Laeger,  p.  1737,  1915;  abst.  from  The  Medical  Review,  January,  1916). 
The  writer  says  that  the  value  of  AVassermann 's  reaction  is  great,  but 
is  apt  to  be  slavishly  and  foolishly  relied  on  to  the  exclusion  of  other 
methods  of  diagnosis.  This  has  gone  so  far  that  some  men  dare  not 
diagnose  syphilis  wlion  the  reaction  is  negative.  It  is  not  realized  that 
Wasscnnann's  reaction  is  merely  an  auxiliary  to  the  diagnosis  of 
syphilis,  which  must  ultimately  stand  or  fall  by  the  clinical  examina- 
tion. The  techniciiic  of  the  reaction  is  so  complicated  that  it  requires 
great  skill  and  practice.  In  Denmark  it  is  carried  out  exclusively  in 
the  State  Serum  Institute,  and  thus  its  exploitation  in  small  uncon- 
trolled private  laboratories  is  avoided.  In  Germany,  on  the  other 
liand,  this  test  is  made  not  only  in  innumerable  university  and  hos- 
pital laboratories,  but  even  in  private  practice.  It  is,  therefore,  not 
surprising  that  specimens  of  a  patient's  blood,  sent  at  the  same  time 
for  examination  to  various  quarters,  have  given  conflicting  reactions. 
Thus,  Frudenthal  sent  specimens  of  the  same  blood  to  four  institutes 
in  Berlin.  In  two  the  reaction  was  found  to  be  negative,  in  a  third 
it  was  doubtful,  and  in  a  fourth  it  was  markedly  positive. 

It  may  be  said,  however,  that  a  positive  Wassermann  reaction  in  a 
case  of  latent  syphilis  is  important,  for  it  is  the  best  proof  that  the 
patient  is  not  yet  cured.  A  positive  reaction  is  of  great  value  when 
the  diagnosis  of  syphilis  is  uncertain  ;  but  although  it  almost  certainly 
indicates  syphilis,  it  does  not  give  the  site  of  the  disease.  A  negative 
reaction,  and  even  a  series  of  negative  reactions,  are  almost  valueless 
in  the  diagnosis  of  syphilis,  particularly  when  the  patient  has  recently 
been  treated,  and  when  the  disease  is  latent.  But  even  when  the  dis- 
ease has  not  been  treated  a  negative  reaction  is  not  uncommon.  Both 
in  treated  and  untreated  cases  the  reaction  occasionally  fluctuates  from 
positive  to  negative,  with  only  a  few  days'  or  weeks'  interval.  It  is, 
therefoi'e,  advisable  to  repeat  the  reaction  several  times  in  most  cases. 
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Finally,  it  is  a  golden  rule  to  rely  ou  the  clinical  diagnosis  of  typical 
syphilis  however  often  Wassermann's  reaction  is  negative. 

J.  A.'Kolmer  {Am.  Journ.  Syphilis,  Oct.,  1919)  and  others  detail 
some  sixteen  methods  of  presemdng  complement  serum  for  the  Wasser- 
mann  reaction.  Of  these  the  use  of  sodium  chlorid  at  a  low  tempera- 
ture yielded  the  best  results.  AVhen  complement  is  required  in  dilu- 
tion of  1 :10,  the  methods  of  Thompson  and  Neill  are  satisfactory  for 


Sauitary  Waste   Eeeeptaclc. 

preserving  guinea-pig  complement  for  a  period  of  two  Aveeks,  pro- 
vided the  serum  is  kept  at  a  low  temperature  and  preferably  not  above 
■4  C.  When  complement  is  requirecl  in  dilution  of  1 :20  the  addition 
of  0.17  gm.  sodium  chlorid  to  each  cubic  centimeter  of  serum  and 
keeping  at  a  low  temperature  preserves  the  complement  for  about  three 
weeks. 
Waste  receptacles.  These  useful  adjuncts  of  operating  and  dressing 
rooms  (see  Hospital)  are  worthy  of  consideration  by  the  ophthalmic 
surgeon.    One  of  tlie  best  is  depicted  in  the  text. 
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Watch-glass  protector.  Bullek's  shield.  8ee  p.  1330,  Vol.  II  of  this 
Encycloped/i-a. 

Water.  Aqua  fontana.  Aqua  pura.  Aqua  destillata.  Spring 
WATER.  Ill  a  state  of  purity,  at  ordinaiy  temperature,  water  is  a 
clear,  transparent  liquid,  perfectly  neutral  in  its  reaction,  and  devoid 
of  taste  or  smell.  By  a  process  of  distillation  and  condensation  it 
is  possible  to  obtain  a  fairly  pure  water.  Its  chemical  constitution, 
indicated  by  the  formula  H.O  (molecular  weight,  18.016)  is  2.016 
parts  of  hydrogen  to  16,000  parts  of  oxygen  by  weight,  or  two  volumes 
of  hydrogen  to  one  volume  of  oxygen,  which  upon  combustion  form 
by  their  combination  two  volumes  of  water-vapor.  The  specific  density 
of  water  at  4°  C.  is  taken  as  the  standard,  and  is  reckoned  equal  to 
unity,  or  for  some  technological  purposes  as  1000.  TVater  is  used  in 
the  metric  system  as  the  means  of  connecting  the  measures  of  length 
and  those  of  mass:  a  cubic  decimeter  measures  a  liter,  and  a  liter  of 
water  at  4°  weighs  a  kilogram.  Similarly  the  gallon  is  ten  avoir- 
dupois pounds  of  water. 

Water  dissolves  a  great  many  substances,  forming  aqueous  solu- 
tions. Its  solvent  powers  for  solids  and  liquids  are  in  general  in- 
creased by  heat,  while  those  for  gases  are  diminished.  In  some  cases 
there  is  heat  evolved  when  the  gases  dissolve.  Some  liquids  dissolve 
in  water  by  a  process  of  interdiffusion ;  and  salts  dissolve  each  in  its 
own  proportion,  which  varies  with  the  temperature.  Heat  is  often 
evolved  by  the  act  of  solution  if  there  be  chemical  combination  be- 
tween the  salt  and  the  water  with  formation  of  hydrates;  but  if  there 
be  no  such  union,  then  the  absorption  of  heat  in  liquefying  the  salt 
results  in  cooling. — (Standard  Encyclopedia.) 

Ordinary  spring  water  generally  contains  carbonic  dioxide  in  solu- 
tion, so  that  it  dissolves  many  calcic  and  magnesic  salts  from  the  soil. 
Such  water  precipitates  soap  and,  hence,  is  called  hard  water.  Rain 
water  and  snow  water  are  generally  free  of  soil  contaminations  and 
are  termed  soft  water.  River  water  contains  little  carbon  dioxide  and 
is  generally  soft. 

AVater  for  use  in  ophthalmic  therapy  should,  as  a  rule,  be  distilled 
and  sterile. 

One  must  not  forget  the  employment  of  water  as  a  topical  appli- 
cation apart  from  its  use  as  a  carrier  of  heat  and  cold.  The  rule 
that  pure  water  in  douches,  irrigations  or  sprays  is  not  a  proper  fluid, 
or  is  less  irritant  than  normal  salt,  one  per  cent,  boric  acid,  or  other  ■ 
bland  solution  for  flushing  or  cleansing  mucous  membranes,  to  some 
extent  acplies  to  the  conjunctiva.  Yet  tepid  (100°  F.),  sterile  douches 
of  distilled  water  act  well  in  washing  out  the  sac  and  are  most  sooth- 
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m<x  to  tlie  eye,  particularly  in  the  presence  of  mucus,  pus  or  toxins. 
It'docs  not  appear,  M'hen  judiciously  used  in  an  undine  (q.  v.),  with  a 
medicine  dropper  or  in  a  small  irrigator,  to  increase  the  muco-puru- 

lent  secretion. 

Tiiompson  claims  that  in  prescribing  collyria  filtered  water  is  better 
as  a  diluent  than  distilled  ^vater  since  the  latter  acts  injuriously  on 
epithelial  cells. 

J.  A.  Lippincott  applies  hot  water  (150°  F.)  drop  by  drop  to  the 
cornea  in  ulcer  of  that  organ.  This  acts  both  as  a  stimulant  and  anti- 
septic and  is  also  employed  as  a  satisfactory  remedy  by  many  oph- 
thalmologists. 

See,  also,  Hydropathy,  p.  6081,  Vol.  IX;  Mineral  waters,  p.  7831, 
Vol.  X ;  as  Avell  as  Boiling  water,  p.  1243,  Vol.  II  of  this  Emycloiycdia. 
Water  bags.  Water  bottles.  These  convenient  means  of  reducing 
or  increasing  the  temperature  of  the  ocular  area  afford  one  of  the 
most  cleanly  means  of  applying  dry  heat  or  cold  and  of  securing 
rubefaction.  AVhen  covered  with  flannel  or  wrapped  in  cloth  they 
retain  the  heat  much  longer  and  are  much  less  liable  to  produce 
burns.  The  possibility  of  this  accident  should  always  be  kept  in 
mind;  the  bag  should  not  be  used  Avhen  it  is  too  hot  to  be  borne  for 
half  a  minute  against  the  cheek. 

0.  A.  Griffin  {Trans.  Am.  Acad,  of  Oph.,  p.  140,  1906)  uses  in 
aggravated  and  prolonged  acute  inflammatory  diseases  of  the  eye  a 
small  rubber  bag  through  which  either  hot  or  cold  water  can  be 
syphoned.  To  make  the  application  more  effective  (by  a  retention 
of  the  applied  temperature)  a  double  layer  of  moistened  gauze,  about 
two  inches  square,  is  first  placed  over  the  affected  eye  and  the  water 
bag  then  put  into  position  and  retained  in  place,  if  desired,  by  means 
of  a  tape  or  string.  Single  or  double  bags  are  used,  depending  upon 
whether  one  or  both  eyes  are  affected.  To  retard  the  discharge  of 
water  and  thus  prolong  the  duration  of  application,  and  also  to  pro- 
duce a  distension  of  the  bag,  a  tiny  opening  is  made  at  the  end  of  the 
discharging  tube  by  inserting  a  bit  of  hard  rubber  tubing  which  con- 
tains a  minute  passage  through  which  the  water  escapes.  The  ar- 
rangement is  completed  by  placing  two  pitchers  of  like  capacity  at  the 
proper  height  to  produce  a  slow  and  steady  flow"  of  water  from  the 
upper  to  the  lower  vessel.  When  the  upper  one  is  nearly  empty,  it  is 
only  necessaiy  to  pinch  the  tubing  or  elevate  the  discharging  end 
and  pour  the  water  from  the  lower  into  the  upper  pitcher  to  keep 
the  apparatus  running  properly.  The  stream  will  flow  from  thirty 
to  sixty  minutes,  depending  upon  the  relative  height  of  the  pitchers 
and  the  size  of  opening  in  the   discharging  tube.     By  timing  the 
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process,  the  attendant  may  know  exactly  when  to  ehany,e  the  water, 
and  the  compress  may  be  applied  steadily  and  indefinitely  Avithout 
distnrbing-  the  eye  or  the  patient,  which  is  very  important,  especially 
when  the  patient  is  sleeping-  and  rest  is  essential. 

If  cold  compresses  are  desired  pieces  of  ice  may  be  added  to  the 
water,  and  to  retain  the  rubber  tubing  in  the  upper  vessel  a  foot  of 
glass  tubing  is  inserted  into  the  rubber  one,  which  also  prevents  col- 
lapse of  the  tubing  should  the  ice  press  upon  it. 

If  hot  applications  are  indicated  heated  water  is  used  instead  and 
kept  at  a  uniform  degree  by  occasional  additions  of  hot  water.  In 
his  experience,  unless  pain  demands  a  continuous  application,  the 
most  satisfactory  results  are  secured  when  the  compress  is  employed 
intermittently,  fifteen  or  thirty  minutes  elapsing  between  applications. 
After  the  apparatus  is  properly  arranged,  the  appliances  for  which 
may  be  obtained  in  any  ordinary  home,  it  requires  little  or  no  atten- 
tion and,  in  the  writer's  opinion,  is  the  most  rational  method  of  em- 
ploying heat  or  cold  in  the  treatment  of  acute  inflammatory  disorders 
of  the  eye,  inasmuch  as  the  temperature  is  uniform,  the  water  bag  is 
light  and  conforms  to  the  surface  beneath,  the  compress  is  applied 
directly  to  the  area  desired,  the  patient  is  not  chilled  or  drenched  by 
escaping  water  and  the  a]iplication  may  be  used  indefinitely  without 
disturbing  the  patient. 

Water,  Bitter-almond.  Sec  Aqua  amygdalae  amarae,  p.  542,  Vol.  I  of 
this  Encyclopedia. 

Water  blindness.  See  Glaring;  as  Avell  as  Blindness,  Water,  p.  1197, 
Vol.  II  of  this  Eneydopedia. 

Water,  Boiling.    See  Boiling  water. 

Water-caltrops.  Trapa  iiatans.  The  juice  of  the  water-caltrops  was 
employed  in  ancient  Greco-Roman  times  as  an  ingredient  of  various 
ophthalmic  prescriptions.  It  seems  to  have  been  regarded,  however, 
merely  as  an  adjuvant  to  moi-e  active  substances. —  (T.  II.  S.) 

Water,  Camphor.  See  Aqua  camphorae,  p.  542,  Vol.  I  of  this  Ency- 
clopedia. 

Water,  Cherry-laurel.  See  Aqua  laurocerasi,  p.  543,  Vol.  I  of  this 
Encyclopedia. 

Water,  Chlorine.  Aqua  chloratxV.  Aqua  chi.ori.  See  Chlorine  water, 
p.  2064,  Vol.  Ill  of  this  Encyclopedki. 

Water,  Elderflower.    See  Sambucus. 

Water-flea.  A  popular  name  for  minute  aquatic  Crustaceans  such  as 
Daphnia  among  Cladocera,  Cypris  among  Ostracoda,  and  Cyclops 
among  Copepoda.  The  common  Daphnia  pulex,  abundant  in  fresh 
water,  is  a  good  representative.     The  body  is  enclosed  in  a  bivalve 
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shell ;  there  is  a  large  single  eye;  a  pair  of  large  anteunaj  are  used  as 
swimmiiiGf  organs. 

Watering  of  the  eyes.    A  vulgar  name  for  epiphora  or  lachrymation. 

Water,  Lead.    See  Lead  water,  p.  7028,  Vol.  IX  of  this  Encyclopedm. 

Water-lens.    A  lens  in  which  water  is  one  of  the  refracting  media. 

Water-poise.    A  hydrometer. 

Water  prism.  A  prism  in  which  water  is  one  of  the  refracting  media. 
This  device  is  a  pentalatcral  of  glass  filled  with  water. 

Water,  Rose.    See  Rose. 

Waters,  Eye.    See  CoUyrium,  p.  2337,  Vol.  IV  of  this  Encyclopedia. 

Water,  Spring.    See  Water. 

Water-telescope,  (a)  An  optical  instrument  used  for  examining  ob- 
jects immersed  at  some  depth  under  water,  (b)  A  telescope,  of 
which  the  tube  is  filled  with  water. 

Wathen,  Jonathan.  A  celebrated  London  surgeon  and  ophthalmologist 
of  the  IStli  century,  whose  exact  life  dates  can  no  longer  be  ascer- 
tained. In  addition  to  works  on  the  ear  and  on  venereal  diseases, 
he  wrote  the  following:  1.  A  New  and  Easy  Method  of  Applying  a 
Tiihe  for  the  Cure  of  Fistula  Lacrymalis.  (London,  1781;  2d  ed., 
1782.)  2.  A  Dissertation  on  the  Theory  and  Cure  of  the  Cataract, 
in  which  the  Practice  of  Extraction  is  Supported  and  that  Operation 
in  Its  Present  Improved  State  is  Particularly  D^sci'ihed.  (London, 
1785.)— (T.  H.  S.) 

Watson,  Alexander.  (Known  in  later  life  as  Watson-Wemyss.)  A 
distinguislied  Scotch  ophthalmologist,  medico- jurisprudentist,  and 
author  of  the  first  compendium  of  ophthalmology  in  the  English  lan- 
guage. Born  in  1799,  he  settled  in  Edinburgh,  became  surgeon  to 
the  Royal  Infirmary  and  the  Royal  Eye  Infirmary,  as  well  as  F.  R. 
C.  S.,  Edin.  In  1846  he  inherited  the  estates  of  Denbrae  in  Fife,  re- 
tired from  practice,  and  Avas  thenceforth  known  as  AVatson-AVemyss. 
In  1848  he  was  decorated  by  the  Czar  of  Russia  for  his  work  in  legal 
medicine.  He  died  in  1879.  Dr.  John  Watson- Wemyss,  of  Edin- 
burgh, is  his  son.  Watson 's  most  important  w^ritings  are  as  follows : 
1.  A  Coynpcndium  of  the  Diseases  of  the  Human  Eye.  (1822,  2d  ed., 
1828;  3d  ed.,  1830;  4th  ed.,  1839.)  2.  Observations  on  the  Effects  of 
Inflammation  and  Injuries  upon  the  Humors  of  the  Eyes.  {Ed.  M. 
and  S.  Jour.,  1826,  No.  89,  pp.  260-269.)  3.  Observations  on  Chronic 
Iritis.  (Edinh.  Med.-Chir.  Trans.,  1826,  II.)  4.  Anatomical  Descrip- 
tion of  the  Human  Eye.  (Edinb.  1828.)  5.  On  the  Pathology  of  the 
Eye.  {Ed.  M.  and  S.  Jour.,  Jan.,  1831,  pp.  73-81.)  6.  Report  of  the 
Edinburgh  Eye  Infirmary.  {Ed.  M.  and  S.  Jour.,  No.  122,  Jan.,  1835, 
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pp.  126-13G.)     7.  A  Mcdico-Lcyal  Treatise  on  ILomicidc  by  External 
Violence.   (London,  1837.)     8.  On  Inflammation  of  the  Membrane  of 
the  Aqueous  Humor  of  the  Eye.  {Eel.  M.  and  S.  Jour.,  July,  1845,  pp. 
98-105.)     9.  Historical  and  Critical  Remarks  on  the  Operation  for  the 
Cure  of  Cataract.   {Ibid.,  Oct.,  1845,  pp.  389-400.)  — (T.  H.  S.) 
Watson,  Spencer.    A  well-known  London  ophthalmologist  and  otologist. 
Born  about  1836,  the  son  of  a  London  physician,  he  became  in  1857 
M.  R.  C.  S.,  and,  in  1862,  F.  R.  C.  S.    He  was  at  various  times  surgeon 
to  the  Central  London   Ophthalmic   Hospital,   surgeon  to  the   South 
London    Ophthalmic    Hospital,    instructor    in   ophthalmology    at    the 
Zenana  and  Female  ]\Iedical  Mission,  etc.     He  was  a  charter  member 
of  the  Ophthalmological  Society.     In  his  later  years  he  was  totally 
blind,  after,  it  is  said,  an  operation  for  cataract.    He  died  at  44  Chep- 
stow Place,  London,  W.,  in  1906,  aged  about  70  years. 

Among  his  more  important  writings  are:     1.  Subacute   Glaucoma 
Successfully  Treated  by  Iridectomy.    {Meet.   Times   anel  Gaz.,  1863.) 
2.  On  Keratitis.    (1864.)     3.  Syphilitic  Ulcers  of  the  Face.    (Lancet, 
1867.)     4.  Case  of  Intra-orbital  Dennoid  Cyst.   (lb.,  1872.)     5.  Dis- 
eases of  the  Nose  anel  Accessory  Cavities.   (1875.)     6.  Eyeball-tension, 
its  Effects  on  the  Siejht,  and  its  Treatment.  (1879.)  — (T.  H.  S.) 
Wauchope,  Robert.     Often  called,  "The  Blind  Archbishop."    He  was 
born  blind,  but  became  Archbishop  of  Armagh  in  1543. —  (T.  H.  S.) 
Wave  frequency.     The  number  of  w-aves  passing  or  reaching  a  point 

in  unit  time. 
Wave-length.      The    distance   between    any   two    particles   of   similar 

phase  in  the  path  of  a  (sound  or  light)  wave.     See  Light. 
Wave-line.  Wave-path.  Tlie  line  along  which  any  point  in  a  wave  front 

is  propagated;  a  ray. 
Wave  propagation  of  light.     See  Light. 

Wave-surface.     A  surface  coinciding  with  an  advancing  w-ave  front. 
Wave  theory.     Undulatory  theory.     See  Light. 
Wax.    AVhite  w^ax.    Yellow  w^ax.    Cera,  u.  s.    Cera  citrina. 

AVax  is  the  name  given  to  some  animal  and  vegetable  substances, 
and  even  to  one  or  two  mineral  bodies,  which  more  or  less  resemble 
bees-wax  both  in  their  appearance  and  in  their  physical  properties. 
True  waxes  contain  no  glycerin,  but  are  combinations  of  fatty  acids 
with  certain  solid  monatomie  alcohols.  AVaxes  may  be  divided  into 
liquid  and  solid  waxes.  Two  liquid  waxes  are  knoAni,  sperm  oil  and 
arctic  sperm  oil  (Bottlenose  oil),  which  are  obtained  from  the  blubber 
of  the  sperm  whale,  and  from  the  head  cavities  of  those  whales  which 
yield  spermaceti.     Of  solid  waxes,  carnauba  is  a  vegetable  wax.     The 
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most  important  of  animal  Avaxos  are  wool-wax  (the  main  constituent 
of  the  natural  avooI  fat  eoverino-  the  liair  of  slieep),  bees-wax,  sperma- 
ceti, and  insect  wax,  or  Chinese  \\ax.—  {Slandanl  Encyclopedia.) 

The  wax  of  the  pharmacopeia  is  a  solid,  yellow  or  white  substance 
obtained  from  the  honey-comb  of  the  bee.  White  wax  is  merely  yellow 
wax  bleached  by  exposure  to  light  and  air  or  (improperly)  by  means 
of  chlorine.  There  are  also  numerous  vegetable  waxes.  Wax  is  mostly 
employed  in  making  cerates  and  is  an  adjunct  to  salves.  An  example 
is:  Hydrargyri  oxidi  flav.,  0.2  (gr.  iij)  ;  Cevve  alb.,  1.5  (gr.  xxii). 
Misee  et  fiat  unguentum. 

Web.  Pin  and  web.  A  folk-lore  expression  for  a  condition  of  the  eye 
(probably  pterygium)  which  is  described  as  a  "darkening  speck  on 
tiie  cornea  with  a  film  spreading  in  fan  shape  from  the  cornea." 

Webb,  Thomas  Law.  A  well-known  English  ophthalmologist.  Born  in 
1847  (8?),  he  received  the  M.  R.  C.  S.  (Eng.)  in  1870,  the  L.  R.  C.  P. 
(Lond.)  in  1872,  the  M.  B.,  B.  Ch.  (Birm.)  in  1901,  and  the  M.  D. 
(Birm.)  in  1903.  He  Avas  honorary  pathologist  to  the  Salop  Infirmary 
and  to  the  Eye.  Ear,  and  Throat  Hospital,  at  ShreAVsbury,  at  the 
time  of  his  death  in  1911.— (T.  H.  S.) 

Weber,  Adolf.  A  celebrated  German  ophthalmologist,  inventor  of 
numerous  instruments  in  use  at  the  present  day,  and  one  of  the 
greatest  operators  of  all  time.  Born  at  Giessen  June  19,  1829,  he 
studied  at  Giessen  and  Berlin,  at  the  latter  institution  receiving  his 
degree  in  1854.  While  at  Berlin,  he  studied  ophthalmology  with 
von  Graefe — who,  at  his  death,  left  all  his  instruments  to  AVeber.  In 
the  year  of  his  graduation,  Weber  fought  in  the  Schleswig-Holstein 
AVar.  The  year  following,  however,  he  settled  in  Darmstadt  both  as 
general  practitioner  and  as  ophthalmologist.  From  1870  until  his 
death,  he  restricted  his  practise  to  ophthalmology.  In  1878  he  was 
made  Privy  Medical  Councillor.  He  invented  the  suction  method  for 
the  treatment  of  detachment  of  the  retina.  He  also  invented  a  num- 
ber of  plastic  operations,  as  well  as  operations  on  the  lachrymal  ap- 
paratus.   He  died  July  17,  1915,  aged  86. 

This  celebrated  operator's  instruments,  so  well  known  to  every 
ophthalmic  surgeon,  are  duly  depicted  and  described  under  proper 
captions  in  this  Encyclopedia.  They  are  chiefly  AVeber 's  (a)  canali- 
culus knife,  (b)  graduated  dilator,  (c)  hard  rubber  spoon,  (d)  specu- 
lum, and  (e)  angular  keratome. 

Some  of  AA^'eber's  more  important  ophtlialmologic  writings  are  as 
follows:  1.  Ueber  the  Ophthalmoskopische  Erkennung  von  Niveau- 
difierenzen  des  Augenhintergrundes.  (Graefe 's  ArcJiiv,  II.)  2.  Ueber 
Anatomic  und  Physiologic  des  Thranenableitungsapparates.    (Zehen- 
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cler's  Klin.  Monnishl.,  1863.)  3.  Ueber  Corel^'sis.  (Graefe's  Ardiiv, 
VII.)  1.  Zur  Behandl.  der  Tliranenschlauchstricturen.  (/&.,  YIII.) 
5.  Ueber  Nekrotische  Honihautabscesso.  (/&.,  VIII.)  6.  Die  Normale 
Linsenentbindung.  {11.,  XIII.)  7.  Uever  Calabar  uiid  seine  Thera- 
peiitisc'he  Verwendung.  (/&.,  XXII.)  8.  Die  Ursaclie  des  Glaucoms. 
{Ih.,  XXIII.)  9.  Ueber  das  Alkaloid  der  Fabae  Calabaricae.  {Cen- 
tralhl.  f.  d.  Med.  Wissensch.,  1876.)  10.  Ueber  Cocain.  (Zehender's 
Klin.  Monatshl,  1884.)  — (T.  H.  S.) 

Weber,  Moritz  Ignatz.  A  well-known  German  anatomist,  who  paid 
considerable  attention  to  the  anatomy  of  the  eye.  Born  at  Landshut, 
July  10,  1795,  he  became  in  1830  at  Bonn  professor  of  comparative 
and  pathological  anatomy.  He  was  also  privy  medical  councillor 
when  he  died,  July  22,  1875. 

His  only  ophthalmologic  writing  is  '^Uehcr  das  Strahlenhldttchcn 
im  Menscklichcn  Auge"  (Bonn,  1827;  1  plate).— (T.  H.  S.) 

Weber's  chromoptometer.  See  Chromoptometer,  Weber's,  p.  2207,  Vol. 
Ill  of  this  Encyclopedia. 

Weber's  law.  The  increase  of  stimulus  required  to  be  perceptible  (as 
an  increase)  bears  a  constant  ratio  to  the  total  stimulus.  Thus,  if 
one  can  just  see  a  difference  of  one  per  cent,  in  a  weak  light  it  w'ill 
require  the  same  ratio  per  cent,  in  a  strong  light  before  it  can  be 
perceived. 

Weber's  symptom.  Weber's  sign.  Weber's  syndrome.  This  phe- 
nomenon is  mentioned  under  several  of  the  aboA'e  captions.  A  good 
account  of  the  symptom-complex  is  given  by  G.  B.  Hassin  (Joiirn. 
Am.  Med.  Assocn.,  p.  2169,  Dec.  29,  1917)  who  reports  a  ease  in  which 
it  was  found.  The  writer  says  that,  clinically,  this  syndrome  means 
a  complete  or  partial  pa)-ohjsis  of  the  oculomotor  nerve  combined  with 
a  contralateral  hemiplegia.  Pathologically,  it  signifies  some  lesion  of 
one  of  the  cerebral  peduncles  (the  crus  cerebri).  The  practical  value 
of  this  syndrome  lies  in  the  possibility  of  precisely  locating  a  brain 
lesion,  since  the  presence  of  Weber's  syndrome  is  a  sure  evidence  of 
involvement  of  a  portion  of  the  brain — the  peduncular  region — that 
so  far  has  been  absolutely  inaccessible  to  operative  interference. 

Weber's  syndrome  will  be  complete  and  pronounced  when  that 
part  of  the  peduncle  is  involved  which  is  adjacent  to  the  oculomotor 
nerve,  that  is,  the  inner  portion.  Othenvise,  the  oculomotor  nerve 
may  be  spared,  and  then,  in  spite  of  the  presence  of  a  peduncular 
lesion,  the  syndrome  will  be  lacking  and  will  have  no  value  as  a  sign 
of  localization.  As  a  rule,  however,  the  peduncular  lesion  results  in 
both  oculomotor  and  pyramidal  tract  involvement.  It  was  described 
long  before  Weber's  day.     Thus,  Mohr  minutely   reports  this  syn- 
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(Ironic  iAveuty-lliree  years  bci'urc  Wuber,  and  Green  mentions  it  eleven 
years  before  Weber.  In  1859,  that  is  to  say,  four  years  before  Weber's 
paper  Avas  published,  Gubler,  in  speaking  of  paralysis  alternaus,  de- 
seribes  a  case  of  Luton  in  which  a  hemiplegia  of  the  left  side  was 
associated  with  a  right  third  nerve  paralysis,  as  the  result  of  a  soft- 
ening of  the  right  cerebral  peduncle.  Yet  none  of  these  authors  give 
so  precise  and  complete  a  description  as  Weber,  who  in  1863  pointed 
out  the  anatomic,  clinical  and  pathologic  characteristics  of  a  peduncu- 
lar lesion,  which  Charcot  in  1891  proposed  to  call  the  Weber  syn- 
drome. AVeber's  contribution  was  followed  by  a  number  of  reports, 
some  of  which  were  purely  clinical.  In  other  words,  they  had  not 
been  substantiated  by  necropsies,  as  in  Jellifle's  three  cases  and 
Zozin's  case.  Some  of  these  reports  represented  a  somewhat  modified 
clinical  picture. 

To  the  modified  type  of  Weber's  syndrome  belongs  the  so-called 
Bencdikt  syndrome  in  which  the  paralj^zed  side  shows  a  tremor  re- 
sembling that  of  paralysis  agitans,  chorea  or  athetosis  and  in  which 
the  lesion  was  found  to  be  not  so  extensive  in  the  peduncles  as  in 
tlie  so-called  tegmentum,  the  region  above  the  latter. 

The  study  of  the  f cav  pathologic  reports  pertaining  to  Weber 's  syn- 
drome shows  that  this  can  be  caused  by  softening,  hemorrhages,  post- 
hemorrhagic cysts,  tumors,  as  tubercles,  gliomas,  sarcomas,  new 
growths  not  identified,  hydatie  cysts,  abscesses,  and  a  revolver  bullet. 
Tumors  were  by  far  the  most  frequent  cause  of  the  peduncular  lesion, 
especially  tubercules  and  gliomas. 

Pelfort  {Rcvista  mcd.  del  Uraguay,  Feb.,  1919;  abst.,  Journ.  Am. 
Med.  Assocn.,  Nov.  12,  1919)  reports  a  case  in  a  boy  of  4  presenting 
total  paralysis  of  the  left  side  with  paralysis  of  the  oculomotor  nerves 
on  the  other  side  and  positive  tuberculin  skin  reaction.  The  spinal 
fluid  seemed  normal,  the  Wassermann  reaction  was  negative  and 
there  were  no  symptoms  suggesting  involvement  of  the  cerebellum. 

Web-eye.  A  folk-lore  expression  signifying  an  eye  with  a  film  spread- 
ing over  it — Avith,  probably,  pterygium. 

Wecker,  Louis  de.  A  celebrated  Parisian  ophthalmologist,  of  German 
l)irth  and  parentage,  inventor  of  de  Wecker 's  pinee-ciseaux  (for  the 
division  of  after-cataract)  and  of  de  Wecker 's  double  strabismus 
hook  for  advancement  of  the  recti  tendons.  Born  Sept.  29,  1832, 
at  Frankfort  on  the  Main,  he  studied  at  AViirzburg,  Berlin,  Vienna 
and  Paris.  He  first,  in  1855,  received  his  medical  degree  at  Wiirz- 
burg,  and  in  1861  received  the  same  degree  {ad  eimdum)  in  Paris. 
The  teachers  who  chiefly  influenced  him  were  Arlt,  Desmarres,  von 
Graefe,  Jaeger  and  Sichel.    For  a  time  he  practised  as  general  phy- 
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sician  in  France,  and  then  in  Russia ;  but,  in  1862,  he  settled  in  Paris 
as  ophthalmologist  exclusively.     He  had  an  enormous  practice  and 
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■was  known  in  every  portion  of  the  civilized  world.  In  addition  to 
the  inventions  mentioned  above,  de  Wecker  devised  sclerotomy  as  a 
cure  for  glaucoma,  and  introduced  the  tattooing  of  leucomata  both 
foi'  A-isiuil  and  for  cosmetic  i)urposes. 
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His  numerous  instruments  and  ophthalmic  devices  will  be  found 
fully  described  and  depicted  under  their  proper  heads  in  this  Ency- 
doped  id. 

Perhaps,  however,  de  Wecker's  claim  to  remembrance  is  quite  as 
securely  based  on  his  literary  performances,  as  on  his  operative 
devices  and  instruments.  Thus,  in  the  following  bibliography,  the  first 
of  the  titles  is  that  of  a  work  which  was  very  long  regarded  as  an 
absolute  masterpiece  of  scientific  accuracy  as  well  as  of  literary  style. 
Even  to  the  present  decade  it  has  been  very  much  referred  to;  and 
not  a  composition  in  the  list  but  contained  at  least  one  point  pos- 
sessed of  more  or  less  enduring  value.  1.  Traiie  dcs  Maladies  des 
Yeux.  (Paris,  1863;  2d  ed.,  1869;  3d  ed.,  1880.)  2.  Traitc  des  Mala- 
dies du  Fond  de  I'Oeil.  (Paris,  1870.)  3.  Tatouage  de  la  Cornee. 
(AVith  E.  von  Jaeger,  L'Union  Med.,  1870.)  4.  Astigmatismus  und 
Schadelbildung.  (Zehender's  Klin.  MonatsU.,  1870.)  5.  Die  Scleroto- 
mie  als  Glaucom-operation.  {Ih.,  1871.)  6.  De  la  Greffe  Darmique 
en  Chirurgie  Oculaire.  (Annal.  d'Ocul.,  LXVIII.)  7.  Le  Trepan 
Oculaire  et  sou  Application.  {Ih.)  8.  De  1 'Ablation  du  Staphylome 
Total  de  Cornee.  {Ihid.,  LXIX.)  9.  Sur  I'lncision  du  Nerf  Optique 
dans  Certains  Cas  de  Nevro-Retinite.  (Congres  de  Land  res,  1873.) 
10.  De  riridotomie.  (Annal.  d'OeuL,  LXX.)  11.  Sur  un  Nouveau 
Procede  Operatoire  de  la  Cataracte.  {Ih.,  LXXIII.)  12.  Die  Er- 
krankungen  des  Uvealtractus  und  des  Glaskorpers.  (Graefe  u.  Sae- 
misch's  TIandh.  dcr  Ges.  Augenhcilk.,  1876,  IV.)  13.  Glaucom  und 
Augendrainage.  (v.  Graefe 's  A)'ehiv,  XXII.)  14.  Therapie  Oculaire. 
(Paris,  1878.)  15.  Chirurgie  Oculaire.  {II).,  1879.)  16.  L'Egonga- 
tion  des  Nerfs  Applique  a  la  Chirurgie  Oculaire.  {Annal.  d'Ocul., 
LXXXV.)  17.  Precis  d'Ophthalmoseopie  Climque.  (Paris,  1881.) 
18.  L 'Ophthalmic  Purulente  Factice  Produite  au  Moyen  du  Jequirity 
ou  Liane  a  Reglise  {Ann.  d'Ocul.,  LXXXVIII.)  19.  La  Cicatrice 
a  Filtration.  {Ih.,  LXXXVII.)  20.  Traiie  Complet  d'Ophthal- 
mologie.  (Paris,  1888  and  1884.)  21.  Les  Indications  de  I'Extraction 
Simple.  {Ih.,  1885.)  22.  La  Cicatrisotomie  ou  Ouletomie.  {Ann. 
d'Ocul,  XCIII.) 

de  Wecker  died  at  Paris,  Jan.  24,  1906,  in  the  74th  vear  of  his  age. 
—  (T.  11.  S.) 
Wedge  compensator.  A  pair  of  quartz  Mcdges  used  in  some  forms  of 
polarimeters  for  determining  the  polarized  condition  of  a  beam  of 
light. 
Wedge-isolation  operation.  A  procedure  for  the  relief  of  glaucoma. 
See  p.  5521,  Vol.  VII  of  this  Encyclopedia. 
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Wedge-micrometer.  A  graduated  wedge  used  to  measure  the  separa- 
tion of  tAvo  objects  between  which  it  is  intruded. 

Wedge-photometer.     A  graduated  wedge  of  dark  neutral-tinted  glass. 

Week's  bacillus.     See  p.  805,  Vol.  II  of  this  Encyclopedia. 

Weigert's  stain.     See  p.  6911,  Vol.  IX  of  this  Encyclopedia. 

Weil's  disease.  Fiedler's  disease.  Acute  febrile  .jaundice.  This  is 
an  acute  infectious  disease  characterized  by  icterus,  muscular  pain 
and  fever,  with  enlargement  of  the  spleen  and  liver.  The  acute  symp- 
toms persist  for  a  couple  of  weeks,  after  which  there  is  complete 
recovery.     The  disease  is  caused  by  a  spirochete. 

Koshichi  {Oph.  Y car-Bool-,  p.  360,  1913)  says  Weil's  disease  is  not 
uncommon  in  the  southern  part  of  Japan.  There  were  in  cases  he 
saw  hemorrhagic  foci  in  the  ocular  conjunctiva,  the  muscles,  the  optic 
nerve,  the  iris,  the  ciliary  body  and  the  choroid.  The  ciliary  body 
showed  round-cell  infiltration,  which  also  extended  into  the  vitreous 
and  anterior  chamber. 

Weintz,  Charles  Henry.  An  ophthalmologist  of  Cincinnati,  0.  Born 
in  1870,  he  received  the  medical  degree  at  the  Miami  Medical  College, 
Cincinnati,  in  1909.  He  was,  as  lieutenant,  assistant  to  the  chief  of 
the  nose  and  throat  department  of  the  base  hospital  at  Chillicothe, 
O.,  Major  C.  R.  Holmes.  Weintz  was  a  genial,  industrious  officer, 
highly  esteemed  bj'  his  associates.  He  died  at  Camp  Sherman,  Oct. 
14,  1918,  of  pneumonia.— (T.  H.  S.) 

Weir,  Fred  Hamilton.  A  well-known  dphthalmologist  of  Chicago, 
later  of  New  York  City,  and,  later  still,  of  Portland,  Oregon.  Born 
at  La  Porte,  Indiana,  Sept.  11,  1864,  son  of  the  Honorable  Morgan 
II.  and  Henrietta  E.  Teeple  Weir,  he  received  the  degree  of  Bachelor 
of  Arts,  and  in  1885  that  of  Doctor  in  Medicine  at  the  University  of 
Michigan.  In  1893  he  received,  in  addition,  and  at  the  same  institu- 
tion, the  degrees  of  Mechanical  Engineer  and  Doctor  of  Philosophy. 
He  then  proceeded  to  study  the  eye,  ear,  nose  and  throat  at  London, 
Berlin,  and  Vienna. 

Returning  to  America,  Dr.  AVeir  was  made  Professor  of  the  eye, 
ear,  nose  and  throat  at  the  LTniversity  of  Michigan,  practising  for  a 
time  in  Chicago,  then  in  New  York  City.  While  in  this  place,  he 
mari'ied  Miss  Maude  MarstoiL 

In  1903,  because  of  ill  health,  he  removed  to  Portland,  Oregon. 
Early  in  1913,  because  of  continued  sickness,  he  took  a  trip  to  Hono- 
lulu, and,  later  in  the  same  year,  repeated  the  voyage.  Both  the 
trips  appeared  to  have  been  of  benefit,  but,  in  June,  1914,  he  suf- 
fered a  severe  fall,  and  Avas  never  very  Avell  thereafter.    Wliile  spend- 
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ing  Thanksgiving  Day,  1914,  with  Mr.  and  Mrs.  Haines,  in  Port- 
land, he  was  stricken  with  the  final  blow,  bnt  did  not  pass  away 
until  Jan.  2,  1915.  He  Avas  survived  by  the  widow  and  by  a  brother, 
Ellsworth  E.  Weir,  of  La  Porte,  Indiana.  The  remains  were  cre- 
mated 

Dr.  Weir  was.  a  slender  man  of  middle  height,  smooth  faced,  of 
very  dark  complexion  and  with  hazel  eyes  and  almost  jet  black  hair. 
He  was  gravely  courteous  to  strangers,  but  to  his  intimate  acquaint- 
ances and  friends  was  brisk  and  even  rollicking,  in  fact  the  best  of 
company.  His  hobbies  were  music,  and  mechanics.  To  him  is  attrib- 
uted one  of  the  first  models  of  the  submarine,  Avhich,  however,  and 
most  unfortunately,  was  destroyed  by  a  fire  which,  in  addition,  almost 
cost  tlic  Doctor  his  life.  Before  this  less  could  be  repaired,  the  idea 
of  tlie  model  had  occurred  to  other  inventors,  and  the  Doctor's  oppor- 
tunity had  been  irretrievably  lost.  Weir  also  designed  a  number  of 
drawing  and  surgical  instruments.  He  founded,  and  for  four  years 
directed,  the  college  orchestra  at  the  University  of  Michigan,  and 
was  a  cliarter  member  of  the  Manuscript  ]Music  Society  of  Amei'ica. 
His  last  composition,  written  in  Honolulu,  was  the  "Hawaiian  Band 
March,"  and  was  dedicated  to  Captain  Henri  Berger,  for  forty 
years  leader  of  the  Royal  Hawaiian  Band.  In  his  beautiful  liome 
at  Weir  Crest  ranch,  near  Connell  Station,  in  Washington  County, 
tlie  hospitable  Doctor  and  his  charming  Avife  entertained  most  abund- 
antly and  almost  I'oyally.  In  this  house  Avas  a  fully  equipped  machine 
shop,  a  draftsman's  shop  and  a  musician's  studio — ahvays  points  of 
interest  to  guests. 

To  close  this  sketch  the  folloAving  characteristic  anecdote  is  added 
from  the  pen  of  ]\Ir.  DilAVorth  Choate,  Avho  Avas  a  member  of  the 
editorial  staff  of  the  New  York  Wadd  in  the  early  90 's:  "The  in- 
cident that  stands  out  strongest  in  my  memory  of  Dr.  Weir  (Avho  at 
the  time  Avas  one  of  the  leading  oculists  in  the  city — having  been 
called  in  conference  Avhen  the  late  Joseph  Pulitzer,  oAvner  of  the 
'^yo)•Jd,'  Avas  stricken  Avith  blindness)  Avas  one  in  Avhich  he  Avas  the 
means  of  saving  a  dog's  eyesight. 

"Dr.  Robert  Milbank,  an  eminent  surgeon  eonnectcd  Avith  Bcllevuc 
Hospital,  Avas  a  great  hunter.  He  used  to  go  every  year  to  Currituck 
Bay,  Maryland,  for  ducks.  A  purc-Avhite  Chesapeake  retricA-er  Avas 
his  companion  on  these  trips.  The  dog  Avas  valued  at  perhaps 
$1,500.00,  but  so  far  as  Dr.  :Milb;jnk  and  bis  family  Avas  concerned 
it  had  no  money  value. 

"One  day  in  New  York  the  dog  ran  a  sliver  in  one  of  his  eyes. 
Only  a  ])r()iiii)t  and  skillful  operation  t-onld  save  its  sight.     Dr.  :Mil- 
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bank  called  upon  a  prominent  oculist  and  told  him  the  trouble, 
asking  him  if  he  would  operate.  The  oculist  indignantly  refused, 
telling  Dr.  Milbank  to  take  the  dog  to  a  veterinarian. 

"Dr.  Milbank  thought  of  Dr.  Weir  and  called  him  up.  Dr.  Weir 
told  him  to  bring  the  dog  to  his  office  just  as  soon  as  possible. 

"The  operation  was  successful.  I  wrote  the  story  for  the  World. 
The  other  papers  printed  it,  too,  and  Dr.  Weir  received  much  favorable 
publicity. 

"This  was  typical  of  Dr.  Weir.  He  had  a  regardful  care  for 
everyone,  man  or  beast,  and  his  death  is  a  loss  to  the  cause  of  human- 
ity."—(T.  H.  S.) 

Weiss  reflex.     See  p.  10920,  Vol.  XIV  of  this  Encyclopedia. 

Randall  (0];/i.  Year-Book,  p.  87,  1909)  again  calls  attention  to  the 
reflex  seen  to  the  nasal  side  of  the  disk,  with  which  it  is  concentric, 
as  a  sign  of  myopia  that  is  increasing.  He  reports  two  cases :  one  of 
a  boy  who,  at  the  age  of  10,  had  hyperopia  .50  D.,  with  this  reflex; 
at  15  he  had  myopia  of  1.5  D. ;  his  parents  were  hyperopic.  The  other 
case  was  a  boy  of  10,  whose  eyes  were  hyperopic,  but  who  belonged 
to  a  myopic  family.  Randall  thinks  the  reflex  pathologic,  rather 
than  a  mere  anomaly,  and  considers  it  more  characteristic  than  conus 
or  other  signs  of  distension  at  the  posterior  pole. 

Weisse  Augenhaut.     (G.)     Sclerotic. 

Weicher  Staar.     (G.)     Soft  cataract, 

Welcker,  Hermann.  A  celebrated  German  anatomist  and  anthropolo- 
gist, who  devoted  considerable  attention  to  the  eye  and  to  optics. 
Born  Apr.  8,  1822,  at  Giessen,  he  there  received  his  medical  degree 
in  1851,  and  there  two  became  prosector.  In  1859  he  was  called  as 
prosector  and  extraordinarius  in  anatomy  to  Halle,  where  in  1866  he 
became  ordinarius.     He  died  at  Winterstein,  Sept.  12,  1897. 

Welcker 's  chief  ophthalmologic  writing  was  entitled  "TJeber  Irra- 
diation und  Einicje  Andere  Erscheinungen  des  Schens"  (Giessen, 
1852).— (T.  H.  S.) 

Welder's  amblyopia.  Eye  diseases  of  welder's.  See  Dazzling,  p, 
3778,  Vol.  V;  as  w-ell  as  Eclipse  amblyopia.  See,  also,  Glassblower's 
cataract;  and  Puddlers,  Eye  diseases  of,  in  this  Encyclopedia. 

In  the  use  of  the  oxy-acetylene  torch  it  is  very  necessary  to  protect 
the  eyes  from  the  harmful  rays  of  the  flame.  The  United  States 
Bureau  of  Standards  (see,  also,  Bidl.  No.  11,  Fed.  Board  for  Voca- 
iional  Education,  p.  65,  1919)  makes  the  following  recommendations: 
The  oxy-acetylene  welder  (the  same  is  true  of  the  cutter)  is  liable 
to  temporary  or  permanent  injury  because  of  the  action  of  ultra- 
violet, visible,  or  infra-red  radiations  on  the  eyes.     This  danger  maj' 
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be  eliininated  by  the  use  of  suitable  goggles.  Dark-yellow  or  browu 
glasses  containing  iron,  such  as  the  Noviweld  glasses  (see  p.  8384, 
Vol.  XI  of  this  Encjjclopcdia)  at  present  on  the  market,  seem  to  be 
safest.  A  shade  should  be  used  which  is  dark  enough  to  eliminate 
all  discomfort  and  glare  from  the  visible  radiations.  Such  a  shade 
will  absorb  all  the  ultra-violet  and  most  of  the  infra-red. 

There  is  also  a  danger  to  the  face,  neck,  hands,  and  legs  of  the 
operator  from  molten  metal,  sparks,  and  flame.  Drops  of  molten 
metal  may  enter  the  shoe  at  the  top  or  even  at  an  eyelet  hole  or 
other  exposed  place  and  burn  very  severely.  Such  a  burn  is  very 
slow  to  heal  and  very  liable  to  infection. 

Welder's  glass,  Wilson's.     See  Wilson's  welder's  glass. 

Wellenlange.     (G.)     Wave  length. 

Weller,  Karl  Heinrich.  A  distinguished  German  ophthalmologist, 
author  of  an  ophthalmologic  text-book  much  in  use  in  Germany  aud 
elsewhere  for  many  years.  Born  at  Halle,  Oct.  22,  1794,  he  received 
his  medical  degree  in  1817  at  the  University  in  that  place.  Settling  in 
Dresden,  he  lived  and  practised  there  until  his  death,  Oct.  11,  1854. 
His  ophthalmologic  wi'itings  are  as  follows:  1.  Die  Krankheitcn 
des  MenscliUchcn  Augcs.  (Berlin,  1819  ;  4th  ed.,  1831 ;  Eng.  ed.,  1821 ; 
Russian,  1823;  French,  1828.)  2.  Ucbcr  Kiinstl.  Fupillen  und  eine 
Bcsondcre  Methodc,  diesdhcn  zu  Fertigcn.  (Berlin,  1821.)  3.  Bic- 
tatik  filr  Gcsundc  und  ScJuvache  Augen;  filr  Arzte  und  Gehildctc 
Nichtarzie.  (Berlin,  1821.)  4.  Iconcs  Oph.  sen  Selecia  circa  Morhos 
Humani  Oculi.  (Fascic.  I.  Leipsic,  1825.  All  that  was  issued.)  — 
(T.  H.  S.) 

Wells,  George  Washington.  The  chief  figure  in  the  upbuilding  of  the 
American  Optical  Company.  He  was  born  in  Woodstock,  Connecticut, 
April  15,  1846,  son  of  John  Ward,  and  Mary  Cheney  Wells.  A  grand- 
father and  a  great-gandfather  were  Revolutionary  soldiers,  and  the 
stock  was  entirely  English.  At  the  age  of  four  the  subject  of  this 
sketch  fell  and  broke  his  ankle.  For  ten  years  thereafter  he  walked 
only  with  the  aid  of  crutches.  For  two  years  he  attended  Wood- 
stock Academy,  and  then  for  a  short  period  taught  school  at  Red 
Bank,  Navesink  Highlands,  N.  J.  Coming  to  Southbridge,  Mass., 
with  fifty  dollars  which  he  had  made  teaching  school,  and  an  equal 
sum  which  had  been  left  him  by  his  mother,  he  became  an  apprentice 
to  the  optical  business  of  R.  H.  Cole  &  Co.  Later,  he  entered  the 
machine  shop  of  the  Hamilton  Woollen  Co.,  at  Globe  Village,  where 
he  remained  a  short  time.  He  then  returned  (on  his  own  account) 
t(^   the   optical  business,   wliicli   lie   followed   to  the   end   of  his   days 


WELLS,  GEORGE  WASHINGTON  14011 

unremittingly,  with  the  exception  of  a  few  months  on  the  Pacific 
slope  in  1867. 

In  1869,  when  the  firm  of  R.  H.  Cole  &  Co.  and  H.  C.  Ammidown 
&  Co.  were  consolidated  under  the  title  of  the  American  Optical  Co., 


George  Washington  Wells. 

Wells  was  made  the  secretary  of  the  organization.  In  1879  he  was 
elected  treasurer,  in  1881  president,  holding  both  these  offices  till 
1908,  when  Albert  B.  Wells,  his  son,  was  chosen  treasurer. 

It  was  chiefly  owing  to  the  efforts  of  the  subject  of  this  sketch  that 
the  American  Optical  Co.  arose  to  its  present  world-wide  importance 
— a  fact  due  not  only  to  Mr.  Wells's  great  executive  ability,  but  quite 
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as  much  to  his  practical,  ingenious  inventiveness.  He  founded  (to 
mention  a  very  few  matters)  standardized  optical  goods  with  abso- 
.  lately  interchangeable  parts.  He  invented  the  method  of  tapering 
temples  by  means  of  eccentric  rolls;  also  the  first  automatic  lens- 
cutting  machine,  the  peening  or  riveting  together  of  joints  to  be 
soldered,  the  first  machine  for  jumping  bridges  to  absolutely  correct 
size,  and  the  first  automatic  machine  for  the  making  of  spectacle  end- 
pieces.  He  also  invented  tlie  well-known  AVells  eyeglass  guard.  He 
also  discovered  the  wonderful  cutting  properties  of  the  Cragleith 
stone  for  edging  machinery.  In  fact,  over  30  optical  patents  were 
issued  in  his  name. 

Wells  married,  Sept.  27,  1869,  at  Southbridge,  Mass.,  Miss  Mary 
Elizabeth  ]\IcGregory.  To  the  union  were  born  four  children:  Chan- 
ning  M.,  Albert  B.,  J.  Chenej^  (respectively,  the  president,  the  treas- 
urer, and  the  vice-president  and  the  secretary  of  the  American  Optical 
Co.),  also  a  daughter,  Mary  Elizabeth.  Wells  died  of  cirrhosis  of  the 
liver,  on  Sept.  30,  1912.— (T.  H.  S.) 
Wells,  J.  Soelberg-.  A  celebrated  English  ophthalmologist,  author  of  a 
text-book  which  was  long  a  favorite  in  both  England  and  America. 
Born  in  Norwich  in  1824,  he  received  his  medical  degree  at  Edinburgh 
in  1856  at  the  very  late  age  of  32.  Turning  his  attention  at  once  to 
ophthalmology,  he  proceeded  to  Berlin,  where  he  was  long  a  student 
under  A.  von  Graefe,  and  for  a  time  the  Master's  first  assistant.  Re- 
turning to  England  in  1860,  he  assisted  Sir  William  Bowman  for  about 
seven  years  at  Moorfields.  Later  he  was  surgeon  at  Moorfields,  as  well 
as  surgeon  and  professor  of  ophthalmology  at  King's  College.  He  was 
a  large,  strong  man,  but  in  1875,  when  but  51  years  of  age,  began  to  be 
afflicted  with  some  disease  of  the  liver.  He  travelled  for  a  time  in 
search  of  health,  but  died  at  Cannes,  Dec.  2,  1879. 

Wells's  more  important  ophthalmic  writings  are  as  follows:  1.  On 
the  Effects  of  the  Solution  of  the  Calabar  Bean  on  the  Accommodation 
of  the  Eye  and  on  the  Pupil.  {Med.  Times  and  Gaz.,  1863.)  2.  Lec- 
tures on  Diseases  of  the  Eye  Delivered  at  the  Middlesex  Hospital. 
Strabismus.  {Ihkl.)  3.  Lectures  on  Cataract  and  the  Modern  Opera- 
tions for  its  Treatment.  {Med.  Times  and  Gaz.,  1867.)  4.  A  Treatise 
on  the  Diseases  of  the  Eye.  (London,  1869;  2d  ed.,  1870;  3d  ed., 
Phila.,  1873.)  5.  Strabismus.  {Lancet,  1869.)  6.  Ophthalmia  Neon- 
atorum. {Med.  Times  and  Gaz.,  im^.)  7.  Iritis.  {Ibid.)  8.  Abscess 
of  the  Frontal  Sinus,  Operation,  Cure.  {11).,  1870.)  9.  An  Abstract 
of  a  Course  of  Lectures  on  the  Internal  Diseases  of  the  Eye  as  Seen 
with  the  Ophthalmoscope.  (/&.,  1871.)  10.  Spasm  of  the  Ciliary 
Muscle  Treated  by  Duboisin.     (/&.,  1879.)  — (T.  H.  S.) 
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Wells,  William  Charles,  An  important  and  early  American  ophthal- 
mologist, who,  however,  passed  nearly  all  his  life  abroad.  His  parents 
came  to  America  from  Scotland  in  1753.  Fonr  years  later,  in  Charles- 
ton, S.  C,  the  subject  of  this  sketch  was  born.  In  1764,  when  only 
11  years  old,  he  was  sent  by  his  parents  to  Dumfries,  Scotland,  be- 
cause of  the  better  schooling  to  be  had  in  that  town.  In  1770  he  was 
admitted  to  the  University  of  Edinburgh,  but,  in  1771,  he  returned 
to  Charleston.  Having  studied  medicine  at  Charleston  for  four  years 
with  Dr.  Alexander  Garden,  a  prominent  physician  and  author,  he 
returned  to  Edinburgh,  and  in  1780  received  the  degree  of  Doctor 
of  Medicine  from  the  University.  In  1781  he  again  returned  to 
Charleston  and  engaged  in  business  as  a  printer  and  bookseller.  After 
four  more  years  in  South  Carolina,  he  betook  himself  to  London, 
where,  in  1788,  he  became  a  Licentiate  of  the  Royal  College  of  Physi- 
cians. In  1790  he  was  physician  to  the  Finsburg  Dispensary.  In 
1798  he  was  appointed  assistant  physician  to  St.  Thomas's  Hospital; 
and  physician  in  1800.  In  1793  he  was  made  a  Fellow  of  the  Royal 
Society  and,  in  1814,  of  the  Royal  Society  of  Edinburgh. 

His  most  important  works  are:  ''An  Essay  on  Single  Vision  with 
Two  Eyes,  together  ivith  Experiments  and  Oliservations  on  Several 
Other  Subjects  in  Optics"  (London,  1792)  ;  "The  Color  of  the  Blood" 
(1797)  ;  "Vision"  (1811)  ;  "An  Essay  on  Dew,  ivith  Several  Appear- 
ances Connected  with  it"  (London,  1814).  Because  of  this  last-named 
work  he  received  the  Rumford  gold  and  silver  medals. 

Wells  was  a  quiet,  very  unobtrusive  man,  and  is  said  never  to  have 
succeeded  in  acquiring  an  extensive  practice ;  yet  his  services  to  medi- 
cine in  general  and  to  ophthalmology  in  particular  are  very  great 
indeed.  Thus,  he  was  perhaps  the  very  first  to  show  that  the  optic 
axis  is  not  the  visual  line,  and  he  clarified  greatly  current  views  about 
fusion,  accommodation,  convergence  and  orientation.  He  possesses 
for  Americans  an  esiDccial  ophthalmo-historical  importance  because 
of  his  very  early  date.  It  is  customary  to  say  that  Henry  Willard 
Williams,  of  Boston  (1821-1895)  was  the  earliest  person  in  America 
to  make  an  exclusive  specialty  of  ophthalmology,  while  Elkanah  Wil- 
liams, of  Cincinnati  (1822-1888)  was  the  first  to  fill  a  chair  set  up  ex- 
clusively for  a  teacher  of  ophthalmology.  And  these  statements  are, 
no  doubt,  correct,  yet  here  was  a  man  in  South  Carolina,  who  prac- 
tised largely  as  a  specialist,  though  not  perhaps  exclusively  as  such, 
well  back  in  the  18th  century. 

Wells  died  Sept.  18,  1817.  Four  years  later  (the  year  in  which 
Henry  Willard  Williams,  of  Boston,  was  born)  there  appeared  a  col- 
lective edition  of  the  works  of  Wells,  at  the  head  of  which  appeared 
his  autobiography. —  (T.  H.  S.) 
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Welsbach  light.  See  Illumination,  especially  p.  6144,  Vol.  VIII  of 
this  Encyclopedia. 

Welz,  Robert  von.  A  distinguished  German  ophthalmologist,  who 
turned  his  attention  to  ophthalmology  after  a  long  and  successful 
career  in  other  specialties.  Born  at  Kelheim  on  the  Danube,  Dec.  15, 
1814,  he  studied  at  first  philosophy,  then  medicine.  His  medical 
degree  was  received  in  1838.  From  1840  till  1847  he  was  assistant 
physician  at  the  Julius  Hospital.  In  1849,  having  received  a  travel- 
ling stipendium,  he  proceeded  to  Paris,  where  he  made  a  special  study 
of  syphilis  for  a  long  time,  and  where  he  managed  to  produce  the 
disease  in  apes  and  then  to  transfer  it  back  to  man.  After  having 
thus  acquired  a  reputation  as  a  syphilographer,  he  made  the  acquaint- 
ance of  A.  V.  Graefe,  under  whose  powerful  influence  he  transferred 
his  affections  from  syphilography  to  ophthalmology.  He  founded  in 
Wiirzburg  an  eye  infirmary,  and  in  1866  was  made  full  professor  of 
ophthalmology  in  the  University — a  position  which  he  filled  with  rare 
ability.  Many  are  the  stories  of  his  operative  skill  and  didactic  powers. 
He  was  also  the  inventor  of  a  number  of  useful  instruments.  He  died 
_  Nov.  12,  1878.— (T.  H.  S.) 

Wengler,  Dr.  Author  of  "  Ophthalmologisches  Tagebuch  aus  den  drei 
Ersten  Jahren  seiner  Praxis"  (/.  d.  Chir.  u.  Augenheil.,  Vol.  38,  pp. 
542-628,  1848;  also  pp.  1-104,  1850).  He  was  also  for  a  time  assistant 
to  von  Amnion  in  Dresden. —  (T.  H.  S.) 

Wenham  prism.  A  quadrilateral  prism  used  in  the  construction  of 
binocular  microscopes. 

Wenzel,  Jakob  von.  A  celebrated  Parisian  ophthalmologist,  son  of 
Michael  Johann  Baptist,  Baron  von  Wenzel.  He  received  his  degree  at 
Paris,  Mar.  23,  1779,  and  settled  in  the  same  city.  He  was  world  re- 
nowned as  an  operator,  and  published  the  follow^ing  books :  1.  Dissert. 
Med.  ...  23  Mart.  1779,  M.  Claudio  Lafisse,  Doctore  Medico  prceside, 
De  Extractione  Cataractac.  2.  Traite  de  la  Cataracte,  avec  des  Obser- 
vations qui  Prouvent  la  Necessite  d'Inciser  la  Cornee  Transparente 
et  la  Capsule  Cristallin  d'Une  Maniere  Diverse  selon  Ics  Diffcrentes 
Especes  de  la  Cataracte.  (Paris,  1786;  2d  ed.,  1806;  Ger.  Trans. 
Nuremberg,  1788;  Eng.  Trans.  London,  1793.)  3.  Manuel  de 
VOcidiste,  Ou  Dictiminaire  Ophthalmologique.  (2  vols.;  Paris,  1808.) 
—  (T.  H.  S.) 

Wenzel,  Michael  Johann  Baptist  von.  A  celebrated  Parisian  oph^ 
thalmologist,  who  Avas  the  first  to  extract  the  lens  in  high-grade 
myopia  (see  Ophthalmology,  History  of).  Born  in  Germany,  he 
practised  first  in  Paris,  then  in  London,  where  he  became  court-oculist. 
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He  died  in  1790.  He  wrote  no  books  or  articles  but  many  of  his 
operations  are  described  in  the  works  of  his  son,  Jakob  von  Wenzel 
(q.  Y.)-(T.  H.  S.) 

Werde,  Nicaise  de.  A  famous  blind  Roman  Catholic  priest.  The  date 
of  his  birth  has  not  been  ascertained.  We  do,  however,  knoAv  that 
he  was  a  native  of  Belgium  and  that  he  lived  in  the  15th  century.  At 
the  age  of  3  he  became  totally  blind.  Nevertheless,  he  attained  to  so 
high  a  degree  of  scholarship  that  he  was  appointed  to  the  chair  of 
common  and  civil  law  in  the  University  of  Cologne.  Later,  he  re- 
ceived the  degree  of  Doctor  of  Divinity  from  the  University  of  Lou- 
vain.  Becanse  of  his  great  ability  and  nnquestioned  zeal  the  Pope 
granted  a  special  dispensation  in  his  favor,  suspending  the  law  of 
the  Church  which  provides  that  no  one  laboring  under  the  infirmity  of 
blindness  can  be  admitted  to  holy  orders. 

De  Werde  continued  in  orders  with  great  success  until  Jiis  death, 
which  occurred  at  Cologne  in  1492. 

Werneck,  Wilhelm.  A  distinguished  Austrian  ophthalmologist,  who 
contributed  greatly  to  our  knowledge  of  the  embryology  and  histology 
of  the  eye,  and  who  first  employed  the  solid  copper  sulphate  stick,  or 
crystal,  in  the  treatment  of  ocular  diseases.  Hirschberg  declares  that 
he  was  also  the  first  to  examine  microscopically  the  secretions  of  the 
conjunctiva.  The  date  and  place  of  his  birth  are  unknown.  He  prac- 
tised in  various  cities;  in  1808,  he  was  in  Vicenza,  a  little  later  in 
Naples,  and,  in  1821,  at  Salernum.  For  an  uncertain  period  at 
"Branau  im  Inn-Vierter'  he  had  a  private  eye-infirmary.  Still  later 
he  removed  to  Salzburg,  where  he  died  in  1843. 

Werneck 's  ophthalmic  writings  are:  1.  Aphoristische  Betrachtung 
einiger  Ophthalmologischer  Gegenstande.  {Salzhurger  Medicin- 
Chimrg.  Zeitung,  1823,  I,  113-135).  2.  Ueber  die  Gaum-ennath  und 
das  Contagiose  Augenubel :  Ein  Sendsehreiben  des  k.k.  Oesterr.  Re- 
gimentsarztes  Dr.  Werneck  von  C.  F.  Graefe.  (Aus  KlagenfurtK,  d. 
18,  Aug.,  1823.)  3.  Zur  Aetiologie  und  Genesis  des  Grauen  Staars, 
aus  S.  Natur-historisch.-Medic.  Skizzen  von  Salzburg,  und  dessen 
Niichster  Umgebung  {Clams  u.  Badhis  Wdchentl.  Beitr.  z.  Mcd.-Chir. 
Klinik,  II,  N.  23  and  24,  Aug.,  1833.)  4.  Mikroskopisch-Anatomische 
Betrachtungen  liber  die  Wasserhaut  und  das  Linsen-System  des  Auges. 
(Ammon's  Zeitschr.  f.  Ophthalm.  IV,  pp.  1-17,  1835.)  5.  Einige 
Resultate  meiner  an  Verschiedenen  Thieren  Gemachten  Experimente 
iiber  die  Traumatische  Reaction  bei  Yerwundungen  der  Kapsel  und 
der  Linse,  nebst  Angabe  jener  Erfahrungen  iiber  diese  Reaction  beim 
Menschen.       (Ih.,    pp.    19-27.)       6.  Beitriige    zur    Gewebelehre    des 
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Krystallkorpers.  {lb.,  V,  pp.  403-428,  1837.)  7.  Lettres  au  Doct.  F. 
Cmiier,  sur  la  Structure  cle  la  Conjonctive.  (Annal.  d'oc,  XIV, 
1839.)— (T.  H.  S.) 

Wernher,  Adolph.  A  celebrated  surgeon  of  Giessen,  Germany,  of  some 
importance  in  ophthalmology.  Born  Mar.  20,  1809,  at  Mainz,  he 
studied  at  Giessen,  Heidelberg,  Berlin  and  Halle,  returning  to  Giessen 
for  his  medical  degree  in  1832.  For  a  time  he  practised  at  Offenbach 
on  the  Main,  but  in  1835  returned  to  Giessen  to  accept  the  extraordi- 
nary professorship  of  surgery  in  the  University.  He  was  also  for  a 
time  assistant  physician  to  the  Surgical  Hospital  at  Giessen.  In  1837 
he  was  promoted  to  the  ordinary  chair  of  surgery,  and  in  1845  the 
additional  professorship  of  pathological  anatomy.  About  this  time 
he  wrote  his  masterpiece,  ''Handb.  der  Allgemeinen  und  Speciellen 
Chirurgie"  (4  vols.,  Giessen,  1846-57).  This  work  is  especially  full 
and  clear  on  the  surgery  of  the  eye.  In  fact,  Wernher  was  a  very 
active  ophthalmologist,  as  well  as  anatomist  and  general  surgeon.  In 
1859  he  infected  his  eyes  with  virus  of  trachoma,  and,  from  that  time 
onward,  did  but  few  and  simple  operations.  He  continued,  however, 
to  lecture  and  to  write.  The  preservation  of  a  modicum  of  sight  he 
owed  to  Alfred  von  Graefe — who  repeatedly  punctured  for  him  the 
thin  floor  of  a  persistent  corneal  ulcer — then  a  comparatively  new 
proceeding.  In  1878  Wernher  retired  from  all  didactic,  as  well  as 
medical  and  surgical  activity,  and  removed  to  Mayence,  where  he  died 
July  14,  1883.— (T.  H.  S.) 

Wernicke's  pseudo-ophthalmoplegia.  See  this  sub-head  under  Neu- 
rology of  the  eye. 

Wernicke's  reaction.  Wernicke  symptom  or  sign.  See  Hemiopia, 
p.  5768,  Vol.  VIII ;  and  p.  4621,  Vol.  VI  of  this  Encyclopedia. 

Wessely's  keratometer.  This  instrument  is  not,  as  might  be  judged 
from  the  name,  an  ophthalmometer  but  a  device  for  measuring  the 
diameter  of  the  cornea ;  also  for  determining  the  distance  between  the 
apex  of  the  cornea  and  the  pole  (vertex)  of  the  inner  surface  of  an 
ophthalmic  lens.  The  instrument  was  designed  by  Wessely,  and  con- 
sists of  a  tube  with  a  plano-convex  lens  at  one  end  and  a  millimeter 
scale,  for  direct  measurement,  at  the  other  end. —  (C.  F.  P.) 

Since  the  curved  profile  of  the  cornea  renders  it  impossible  to  apply 
a  straight-edged  scale  the  plan  has  been  adopted  of  eliminating  errors 
by  measuring  the  image  of  an  object  as  seen  by  parallel  rays  with  the 
eye  applied  at  the  principal  focus  of  a  lens,  i.e.,  by  what  is  known 
as  a  telecentric  arrangement. 

When  the  observation  is  made  through  a  stop  situated  in  the  pos- 
terior focal  plane  F '  of  a  lens  it  follows  that  the  rays  proceeding  from 


WESSELY'S  KERATOMETER 


liOlT 


the  object  to  the  lens  will  be  parallel  to  its  axis  (see  the  tigure).  If 
now  a  scale  be  placed  in  front  of  the  object  so  a  correct  reading  of 
the  size  of  the  object  Avill  be  obtained,  no  matter  what  its  position 
may  be. 

The  keratometer  is  eonstrncted  upon  tliis  principle.  The  stop 
is  situated  in  the  posterior  focal  plane  of  a  +  6-diopter  lens 
mounted  Avithin  the  tube.  The  opposite  end  of  the  tube  carries 
a  vulcanite  ring,  by  means  of  which  the  instrument  maj^  he  rested 
upon  the  margin  of  the  orbital  cavity  of  the  patient's  eye.  Within 
the  ring  a  scale  divided  into  half  millimetres  is  so  mounted  that 
its  upper  edge  may  pass  accurately  through  the  centre  of  the  ring. 
In  front  of  the  ring  the  tube  has  a  large  excision  through  which  suf- 
ficient light  may  reach  the  scale  and  the  patient's  eye. 


Keratometer  of  Wesselv. 


The  scale  is  situated  near  the  anterior  focus  of  the  lens,  and 
the  same  applies  to  the  cornea  which  is  to  be  measured,  and  hence 
both  the  scale  and  the  cornea  can  easily  be  seen  magnified  1.5  times 
by  an  eye  placed  in  front  of  the  stop.  The  tube  has  another 
excision  in  front  of  the  stop.  Within  this  excision  the  tube  carries 
a  small  white  mark,  upon  which  the  patient  is  required  to  fix  his 
sight.  A  Avhite  screen  serves  to  illuminate  the  fixing  mark  with 
diffuse  reflected  light. 

A  cornea  of  any  diameter  may  be  measured  with  the  instrument. 
All  that  is  necessary  is  to  rotate  the  instrument  whilst  the  hard  rubber 
ring  is  placed  upon  the  fingers  wdiich  are  being  used  for  stretching  the 
eyelids  apart.  The  instrument  is  also  available  for  measuring  the 
pupils;  it  may,  in  fact,  be  used  for  measuring  the  diameter  of  bodies 
of  any  shape  whose  greatest  diameter  does  not  exceed  20  mm. 

The  keratometer  also  affords  a  particularly  simple  and  reliable 
means  of  measuring  the  distance  between  the  apices  of  the  cornea  and 
the  spectacle  lenses.  To  carrj-  out  this  measurement  it  is  best  to 
unscrew  the  vulcanite  ring.     The  observer  should  then  so  place  him- 
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self  that  the  centre  line  of  the  instrument  is  at  right  angles  to  the 
patient's  line  of  sight  when  he  is  looking  straight  ahead. 

The  Baiisch  and  Lomb  Co.  have  also  marketed  the  same  instrument. 

West  operation.  Window  resectiox.  In  addition  to  the  matter  on  p. 
1!)17,  \o\.  Ill  of  tills  Encjjclopcdid,  it  may  be  said  here  that  AV.  B. 
Chamberlin  {Trans.  Sec.  Oph.  A.  M.  A.,  p.  177,  1917)  modifies  the 
West  operation,  as  described  by  himself.  A  probe  is  inserted  into  the 
canalicnlus,  sac  and  duct.  This  pro])e  is  held  in  place  by  an  assistant. 
Wlien  tlie  duct  is  freely  uncovered  the  point  of  the  probe  is  directed 
inward  towards  the  septum,  thus  bulging  in  its  septal  wall.  A  thin 
scalpel  is  now  inserted  between  the  probe  and  the  lateral  nasal  Avail, 
and  the  incision  carried  well  np  beyond  the  isthmus,  so  that  the  probe 
ultimately  passes  horizontally  into  the  nose. 

Mosher  reported  four  eases  that  he  had  operated  on.  Three  of 
them  were  of  two  j^ears'  duration.  One  case  was  of  mucocele  of  the 
sac.  After  nine  months  tliere  was  no  return  or  swelling  of  the  sac 
and  the  opening  into  the  nose  was  patent.  The  second  was  one  of 
long  standing,  a  suppurative  sac,  with  a  skin  fistula.  The  eye  was  all 
right  and  the  tears  ran  over  only  when  the  patient  got  cold.  A  third 
patient  had  a  suppurative  sac  for  seventeen  years  complicated  with 
an  infected  mucocele  of  the  ethmoid  labyrinth.  There  was  a  patent 
opening  into  the  nose  and  the  tears  ran  over  only  on  a  cold  day,  or 
in  a  strong  wind.  The  fourth  patient  had  a  bony  occlusion  of  the 
nasal  duct.  This  man  was  wearing  a  style  at  the  end  of  ten  months, 
and  Avith  it  there  Avas  no  running  over  of  tears  except  in  a  strong 
Avind. 

Westphal-Piltz  reaction.  Gipfokd  reflex.  Westphal's  sign.  See  p. 
5384,  Vol.  VII  of  this  Encijclopedia. 

Wet  cupping.  See  Blood-letting,  Local,  p.  1226,  Vol.  II;  Artificial 
leech,  p.  633,  Vol.  I  and  p.  3584,  Vol.  V  of  this  Encyclopedia. 

Weyant,  Harry  W.  A  Avell-knoAvn  Philadelphia  ophthalmologist.  Born 
in  Philadelphia,  Oct.  23,  1869,  son  of  Harry  Read  and  Alice  (Van 
Mete)  AVeyant,  he  received  the  medical  degree  at  the  university  of 
Pennsylvania  in  1895.  Settling  in  Philadelphia  as  ophthalmologist 
and  oto-laryngologist,  he  became  assistant  ophthalmic  surgeon  at  the 
Protestant  Episcopal  Hospital,  and  Avas  for  21  years  police  surgeon  of 
the  Tenth  District. 

Weyant  was  a  small,  lean  man,  smooth-faced  and  of  dark  com- 
plexion, very  vivacious  and  gay  in  manner.  He  married  on  April  12, 
1899,  Miss  Nellie  ]\I.  Hoover.  There  Avere  no  children.  He  died  at  his 
home,  Nov.  2,  1916,  from  pneumonia. —  (T.  H.  S.) 
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Weyert,  Ferdinand.  An  eminent  ophtlialmologist  of  St.  Petersburg, 
Russia.  Born  in  1837,  he  received  the  degree  of  M.D.  from  the  Uni- 
versity of  Dorpat  and  studied  ophthalmology  in  Vienna,  Paris,  and 
Berlin.  Returning  to  St.  Petersburg,  he  soon  acquired  a  great  reputa- 
tion as  an  operator,  and,  about  1867,  was  appointed  senior  physician 
and  chief  of  the  directorate  of  the  St.  Petersburg  Eye  Institute — a 
post  -which  he  held  until  his  death.  He  died  at  his  home  in  St.  Peters- 
burg, Feb.  3,  1903.— (T.  H.  S.) 

Wheat.  TriUciim  vulgarc  A  wheat-bread  poultice,  in  ancient  Greco- 
Roman  times,  was  highly  esteemed  as  a  remedy  for  any  sort  or  kind 
of  inflammation.  It  was,  therefore,  often  employed  in  painful  affec- 
tions of  the  eyes.  A  poultice  of  wheat-flour  mingled  with  the  white  of 
egg  was  also  placed  upon  the  forehead  to  check  too  copious  ocular 
discharges.— (T.  H.  S.) 

Wheatley,  Arthur  William.  A  well-known  English  surgeon,  who  paid 
considerable  attention  to  ophthalmology,  and  who  for  some  years  was 
consulting  surgeon  to  the  Western  Ophthalmic  Hospital,  ]\Iarylebone 
Road,  London.  He  wrote  a  number  of  articles,  dealing  Avith  conjunc- 
tival epithelioma,  cataract  extraction  and  neuro-retinitis.  He  died  in 
1910.— (T.  H.  S.) 

Wheatstone,  Charles.  One  of  the  most  important  of  English  natural 
philosophers,  the  founder  of  modern  telegraphy,  deviser  of  the  acou- 
cryptophone,  and  (a  matter  of  some  significance  to  ophthalmologists) 
inventor  (1838)  of  the  reflecting  stereoscope  (q.  v.  in  this  Eneydo- 
pcdia).  He  was  born  at  Gloucester  in  February,  1802,  removed  with 
his  father  to  London  in  1806,  became,  in  183-4,  professor  of  experi- 
mental philosophy  at  King's  College,  London,  a  Fellow  of  the  Royal 
Societ}^  in  1837,  and,  after  the  invention  of  the  automatic  telegraph, 
was  knighted.  He  died  in  Paris,  Oct.  19,  1875,  as  tlie  result  of  a 
scientific  experiment. —  (T.  H.  S.) 

Wheel,  Green's  astigmic.  See  under  Chart,  Astigmatic,  p.  2008,  Vol. 
Ill  of  this  Encijdopcdia. 

Whewell,  William.  A  British  philosopher  and  historian  of  science, 
author  of  the  term,  "astigmatism."  (See  Hewson,  "Mackenzie  on  the 
Eye,"  Phila.,  1855,  p.  868.)  Born  at  Lancaster,  Eng.,  May  24,  1794, 
the  son  of  a  carpenter,  he  studied  at  Trinity  College,  Cambridge,  was 
professor  of  mineralogy  from  1828  to  1832  and  of  moral  theology  and 
casuistical  divinity  from  1838  to  1855.  He  died  Mar.  6,  1866.  His 
most  important  writing  is  "History  of  the  Inductive  Sciences  from 
the  Earliest  to  the  Present  Timc."—(T.  H.  S.) 

Whisker  incision.  A  term  employed  by  Maddox  {Ophthalmic  Record, 
p.  342,  July,  1916)  to  describe  a  form  of  bridge  flap  in  cataract  extrac- 
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tiou.  Ill  thiy,  both  the  puncture  and  the  counter-puucture  are  made 
through  a  little  conjunctiva  on  each  side  of  the  cornea,  though  the 
knife  is  made  to  emerge  through  the  limbus  at  the  apex  perpendicu- 
larly to  the  surface  of  tlie  cornea.  This  alloAvs  a  thread  loop  to  be  in- 
serted easily,  though  the  extremities  of  the  incision  are  covered  with 
conju'iu'tiva  of  so  short  a  breadth  as  rarely  to  unfold. 

White-cloud  illuminator.  A  surface  of  plaster  of  Paris  or  ground  glass 
for  reflecting  light  upon  microscopic  objects  and  thus  obtaining  the 
eft'ect  of  illumination  from  a  white  cloud. 

Whitehead's  varnish.  A  solution  of  one  part  of  iodoform  and  six  parts 
of  compound  tincture  of  benzoin  in  ether,  used  in  ophthalmic  surgery 
to  facilitate  the  healing  of  the  swollen  and  displaced  flaps  of  a  pene- 
trating wound  of  the  cornea. 

White  light.  In  2)hijsics,  the  light  which  comes  directly  from  the  sun, 
and  which  has  not  been  decomposed  by  refraction,  either  atmos- 
pherically or  artificially  by  a  prism. 

White,  Lunar.  See  Eyes  of  soldiers,  sailors,  etc.,  Examination  of  the, 
in  this  Encydopedia. 

White  nigger.  Kakerlake.  A  term  originally  applied  by  the  Portu- 
guese to  wliite  negroes  met  with  on  the  west  coast  of  Africa.  A  person 
in  whom  the  normal  pigmentation  of  the  epidermis,  the  hair,  the  iris, 
and  the  choroid  is  congenitally  deficient,  the  skin  being  uncommonly 
white,  the  hair  yellowish,  resembling  flax  or  silk  in  color ;  and  the  eyes 
pinkish  and  usually  affected  with  photophobia,  more  or  less  blepharo- 
spasm, and  occasionally  nystagmus.  The  term  is  also  applied  to  the 
lower  animals  having  like  peculiarities. 

White,  Normal.  This  standard  of  whitness  was  adopted  by  Koenig, 
and  is  made  by  burning  a  thread  of  aluminum  and  allowing  the  vapor 
to  deposit  on  a  sheet  of  paper.  This  deposit  reflects  about  two-thirds 
of  the  light,  and  its  whiteness  is  about  that  of  snow. 

White  precipitate  of  mercury.  See  Mercury,  White  precipitate  of,  p. 
7655,  Vol.  X  of  this  Encyclopedia. 

White's  ointment.  See  Bichlorid-vaselin,  p.  949,  Vol.  II  of  this  Ency- 
clopedia. The  problem  of  obtaining  the  complete  antiseptic  action  of 
sublimate  upon  the  ocular  tissues  without  disturbing  unduly  the  vas- 
cular supply  of  the  parts  and  without  inducing  discomfort,  is  solved 
by  the  use  of  a  formula  proposed  by  J.  A.  White.  He  found  that  while 
it  is  impossible  to  use,  especially  in  operative  work,  such  decided 
germicide  solutions  as  1:3,000  in  water,  that  strength  might  be  em- 
ployed as  an  ointment  with  vaselin.  His  formula  is:  3^ — Hydrarg. 
bichlor.,  gr.  1/6;  sodii  chlor.,  gr.  5/6;  alcohol  dil.,  q.  s.;  petrolati,  5J. 
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Dissolve  the  sublimate  aud  the  common  salt  iu  a  few  drops  of  dilute 
alcohol  and  mix  with  the  vaselin,  which  has  been  previously  kept  at  a 
temperature  of  212°  F.  for  half  an  hour.  Stir  until  cool.  This  may 
be  put  into  soft  capsules  for  individual  use,  or  kept  as  an  antiseptic 
base  for  atropin  and  other  ointments.  The  Editor  has  prescribed  this 
salve  and  used  it  extensively  in  private,  dispensary  and  hospital  work 
and  can  recommend  it  as  a  most  useful  application  to  the  sac  when  a 
reliable  antiseptic  is  desired.  It  is  his  practice  to  fill  the  sac  with  the 
ointment  twice  in  24  hours  as  one  of  the  preliminaries  to  major  opera- 
tions on  the  globe;  also  to  prescribe  it  extensively  alone  and  in  con- 
junction with  other  remedies  for  the  home  treatment  of  several  forms 
of  blepharitis. 

J.  A.  Lippincott,  advises  a  modification  of  the  ointment,  especially 
in  infected  ulcers  of  the  cornea,  by  the  addition  of  lanolin,  Avhich  takes 
up  the  watery  solution  of  the  bichloride  better  than  vaselin  alone. 
His  formula  is:  ^ — Hydrarg.  bichlor.,  gr.  i;  sodi  chlor.,  gr.  vi; 
petrolati,  oii;  lanolin.,  ^m. 

White  vaselin.    See  Cosmolin,  p.  3543,  Vol.  V  of  this  Encyclopedia. 

White  vitriol.     See  Zinc  sulphate  herein. 

White  wax.     See  Wax. 

Whittell,  Alexander  Pope.  An  American  ophthalmologist,  of  much 
aJjility  as  an  operator.  Born  at  Mt.  Vernon,  N.  Y.,  in  1850,  he  received 
his  liberal  education  in  France.  His  professional  training  was  at  the 
University  of  California,  from  which  institution  he  received  the  de- 
gree of  M.D.  in  1865.  For  a  time  he  practised  with  the  late  Dr.  Wil- 
liam F.  Smith,  of  San  Francisco,  wdio  advanced  him  funds  for  a  three 
years'  course  of  study  in  Germany  and  France. 

Returning  to  America,  he  became  assistant  to  Ferrer,  in  San  Fran- 
cisco. He  was  President  of  the  San  Francisco  County  Medical  Society 
in  1891,  and  was  for  many  years  chief  of  the  Eye  and  Ear  Department 
in  the  San  Francisco  Polyclinic. 

He  was  never  a  popular  or  magnetic  man,  but  was  one  of  singular 
purity  and  rectitude.  He  was  noted  especially  for  his  friendliness 
to  the  younger  members  of  his  profession. 

Whittell  died  suddenly  at  Lake  Tahoe,  July,  1893.  He  left  a  wife 
and  one  daughter,  the  latter  now  married  to  a  German  nobleman. — 
(T.  H.  S.) 

Whooping-cough.  Pertussis.  This  infectious  disease  is  characterized 
by  catarrh  of  the  respiratory  tract  and  peculiar  paroxysms  of  cough, 
ending  in  a  prolonged  crowing  or  whooping  respiration.  The  disease 
is  most  frequently  met  in  children,  is  much  more  prevalent  in  cold 
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weather,  and  is  very  contagious,  the  virus  being  apparently  associated 
with  the  sputum.  The  disease  is  apt  to  be  complicated  with  catarrhal 
pneumonia,  pulmonary  collapse,  emphysema,  convulsions,  and  hemor- 
rhages into  the  eye,  ear,  or  brain,  and  severe  cases  are  sometimes  fol- 
lowed by  chronic  bronchitis,  tuberculosis,  or  nephritis. 

Parsons  (Patholof/y  of  the  Eye,  p.  1253)  catalogues  a  large  num- 
ber of  ocular  comi)lieations  of  this  disease.  The  most  common  are 
cdiijuiictival  hemorrhages  and  conjunctivitis  (Weeks)  ;  much  rarer 
are  orljital  liemorrhages  with  exophthalmos.  Cases  are  reported  of 
liyplicma,  retinal  hemorrhage,  intra-ocular  hemorrhage  and  detach- 
ment of  the  retina,  subluxation  of  the  lens  and  optic  neuritis.  Partial 
or  complete  blindness  nuiy  follow  cerebral  hemorrhage  or  involvement 
of  the  optic  nerve  in  the  orbit.  Homonj-mous  hemianopia,  amblyopia 
during  the  paroxysms,  iridocyclitis,  opti3  neuritis  with  subsequent 
atrophy,  paralysis  of  the  sixth  and  seventh  nerves,  etc.,  have  also  been 
recorded. 

Among  these  numerous  observations  is  one  of  optic  neuritis,  by  E. 
Weigmann  {Klin.  Monatshl.  f.  Augcnheilk.,  April,  1912)  who  Avas 
consulted  May  3rd,  1911,  by  a  woman  who  had  been  the  subject  of 
pertussis,  aged  40,  on  account  of  occasional  obstructions  of  sight  which 
set  in  after  changing  the  position  of  the  body  or  head,  e.g.,  after  stoop- 
ing in  reading  and  writing.  Vision  was  nearly  normal,  but  the  visual 
field  showed  a  slight  contraction  for  colors.  Both  optic  disks  were 
very  red,  their  borders  indistinct,  the  A'eins  enlarged,  the  tissue  of 
Ihe  disks  slightly  opaque,  the  lamina  cribrosa  and  walls  of  the  vessels 
on  the  disks  veiled.  Tlie  disks  were  swollen,  but  not  projecting.  Near 
the  left  disk  Avere  two  small  retinal  hemorrhages.  The  treatment  con- 
sisted in  ironsajodin.  On  January  25,  1912,  the  ophthalmoscopic  con- 
dition was  about  the  same,  but  the  disks  Avere  somewhat  paler  and 
the  arteries  narrower.  There  was  a  slight  contraction  of  the  left 
visual  field  in  the  i)iferior  nasal  quadrant. 

The  writer  attributes  the  obscurations  after  changing  the  position  of 
the  head  to  transient  disturbances  of  circulation.  The  affection  of  the 
optic  nerve  may  have  been  produced  mechanically  by  intracranial 
transudations  in  consequence  of  venous  stasis  brought  about  by  the 
paroxysms  of  wiiooping  cough,  or  by  hemorrhages  into  the  optic 
sheaths,  or  by  toxins  of  whooping-cough  bacilli,  described  by  Bordet 
and  Gengou. 

E.  S.  Clouting-  {N.  Y.  Med.  Jaurn.,  p.  1051,  May  22,  1915)  also 
records  a  case  of  optic  neuritis  following  whooping  cough  in  a  boy, 
aged  nine.  It  was  suggested  that  in  this  case  the  optic  disease  fol- 
lowed an  encephalitis  the  result  of  the  pertussis. 
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Wicherkiewicz,  Victor  Boleslaus.  A  celebrated  ophthalmologist  of 
Cracow,  Poland.  Born  July  7,  1847,  at  Kcynia,  Posen,  he  received 
his  medical  degree  in  1872,  presenting  as  dissertation,  "JJeler  Sarcome 
u.  ihr  Yorkommcn  im  Mediastinum."  In  1874  he  settled  at  Breslau, 
became  assistant  to  Prof.  Foerster,  and,  shortly  after,  physician  to  the 
Silesian  ophthalmic  institute.  In  1875,  however,  he  went  to  Wies- 
baden where  he  studied  for  two  years  more  with  A.  Pagenstecher.  In 
1877  he  spent  some  time  in  Paris  and  London. 

Ketnrning  to  Posen,  he  settled  as  ophthalmologist,  and  founded 
both  a  private  ophthalmic  hospital  and  a  public  charity  hospital  for 
eye  patients. 

Wickerkiewicz  was  an  expert  operator,  and  an  excellent,  as  well  as 
prolific,  writer  on  almost  every  branch  of  ophthalmology.  Most  of 
his  articles  appeared  in  the  Cracow  Przcghtd  Lckarsi  and  in  the 
Klmischc  Monaishlatier  filr  Augenheilkunde.  According  to  Edward 
Jackson,  "But  few  European  writers  have  contributed  so  much  to  the 
literature  of  ophthalmology  in  the  last  score  of  years,  or  so  much  that 
was  original;  and  upon  such  a  wide  range  of  subjects." 

Wicherkiewicz  died  Dec.  7,  1915,  in  an  Austrian  military  reserve 
hospital.— (T.  H.  S.) 

Wide-aperture  lenses.     See  p.  7340,  A^ol.  X,  of  this  Emijclopedia. 

Widmark,  Erik  Johann.  The  first  professor  of  ophthalmology  in 
Sweden,  and  a  prominent  investigator  into  the  causes  of  snow-blind- 
ness, ophthalmia  electrica,  and  erythema  solare.  Born  in  1850,  he 
began,  in  1888,  together  with  J.  Bjerrum,  of  Copenhagen,  to  edit  the 
"Nonlisk  Optalmologisk  Tidskrifi,"  and  did  not  sever  his  connection 
with  that  journal  till  sliortly  before  his  death.  In  1891  he  was  ap- 
pointed professor  of  ophthalmology  at  the  Karolinska  Medico-Kirur- 
giska  Institutet.  He  died  of  cancer  of  tlie  intestines  at  Stockholm, 
Dec.  15,  1909.— (T.  H.  S.) 

Widmark 's  conjunctivitis.  As  de  Schweinitz  {Text -Book,  p.  306)  has 
pointed  out,  AVidmark  and  T.  Harrison  Butler  have  described  a  form 
of  conjunctival  disease  characterized  by  congestion  of  the  inferior 
tarsal  conjunctiva  and  of  this  membrane  in  the  lower  epibulbar  expan- 
sion. Part  or  all  of  the  affected  area  stains  with  fluorescein.  Slight 
stippling  of  the  cornea  may  be  present.  Brow  pain  and  occipital  head- 
ache may  precede  the  inflammation.  Massage  with  a  1  per  cent,  oint- 
ment of  yellow  oxid  of  mercury,  according  to  Butler,  is  the  best  treat- 
ment. 

Wigwag.     See  Eyes  of  soldiers,  sailors,  etc.,  Examination  of  the. 

Wilbrand's  bed-perimeter.  See  Bed-perimeter,  Wilbrand's,  j).  921,  Vol. 
I  of  this  Encyclopedia. 


14U24  WILDE,  W.  R.  W. 

Wilde,  William  Robert  Wills.  A  famous  Irish  scholar  and  physician, 
widely  known  as  a  specialist  in  diseases  of  the  ear,  and  also,. to  some 
extent,  as  an  ophthalmologist.  Born  in  1815  at  Castlereagh,  Ireland, 
the  son  of  a  country  doctor,  he  studied  at  first  in  Dublin,  but  later, 
when  his  attention  had  been  directed  to  ophthalmology  and  otology, 
at  London,  Paris,  Vienna  and  Berlin. 

He  settled  in  Dublin  in  1841,  as  general  practitioner,  but,  from  the 
very  beginning,  devoted  himself  especially  to  diseases  of  the  eye  and 
ear.  He  it  was  who  devised  ''Wilde's  incision,"  now  almost  aban- 
doned but  of  universal  application  for  three-fourths  of  a  century.  He 
founded,  in  1814,  the  Dublin  Ophthalmic  Dispensary,  lectured  for 
many  years  on  ophthalmology  and  otology  at  the  Park  Street  Medical 
School,  and  from  1846  until  his  death  was  editor  of  the  Dublin  Journal 
of  the  Medical  Sciences.  In  1853  he.  was  appointed  surgeon  oculist  to 
the  Queen  in  Ireland,  and  in  1861  was  knighted  because  of  his  services 
as  assistant  commissioner  of  the  Census  of  Ireland.  In  1863  he  was 
given  the  degree  of  M.D.,  hon&t'is  causa,  by  Dublin  University,  and  ten 
years  later  the  golden  Cunningham  medal  by  the  Royal  Irish 
Academy.  He  died  April  19,  1876.  The  celebrated  author,  Oscar 
Wilde,  was  his  son. 

In  addition  to  his  more  important  books  and  articles  (which  were  all 
on  diseases  of  the  ear)  Sir  William  Wilde  wrote  as  follows:  1.  On 
the  Employment  of  Belladonna  and  Atropin  in  Ophthalmology.  (Ann. 
d'Oc.  XVII,  1847,  pp.  21-24.)  2.  Observations  on  the  Epidemic  Oph- 
thalmia which  has  Prevailed  in  the  Worli'Jiouses  and  Schools  of  the 
Tippcrary  and  Athlone  Unions.  (Dublin,  1841,  p.  28.)  3.  Inflamma- 
tion of  the  Ciliary  Body.  (Awn.  d'Oc.  XXXII,  1854,  pp.  223-230.) 
4.  Accidental  Discovery  of  a  One-Sided  Visual  Disturbance.  (Med. 
Times  and  Gazette,  Jan.  14,  1854.)  5.  Malformation  of  the  Organs 
of  Sight.     (London,  1862.)  — (T.  H.  S.) 

Wilder,  A.  M.  A  well-known  American  ophthalmologist.  Born  in  Bos- 
ton, Mass.,  May  3,  1840,  he  entered  the  Medical  Department  of 
Harvard  University  in  1861.  One  year  later,  he  joined  the  U.  S. 
Army,  and,  in  1863,  Avhile  stationed  in  Washington,  he  entered  George- 
toAvn  University,  from  which  institution  he  received  his  medical  de- 
gree. At  the  close  of  the  War  he  studied  ophthalmology  with  Henry 
Willard  Williams,  of  Boston.  Afterward,  in  company  with  John 
Green  (who  later  settled  in  St.  Louis)  he  studied  his  specialty  in 
London  and  Paris. 

Returning  to  America  in  1866,  he  settled  in  Lawrence,  Kas.,  where 
he  practised  general  medicine  and  surgery,  as  well  as  ophthalmology 
and  otology,  until  1875,  Avhou  he  removed  to  San  Francisco,  Calif., 
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forming  there  a  partnership  with  George  H.  Powers  in  the  practice 
of  ophthalmology  and  oto-laryngology  exclusively.  In  1882  he  was 
made  professor  of  ophthalmology  and  otology  in  the  Medical  Depart- 
ment of  the  University  of  California.  For  several  years  he  was  sur- 
geon to  the  First  Regiment,  N.  G.  C,  and  he  was  also  for  a  long 
time  a  member  of  the  Harvard  Club  of  San  Francisco.  He  died  in 
1885.— (T.  H.  S.) 

Wild  hairs.  Irregularly  placed  eyelashes  in  entropion  and  trichiasis 
(q.  v.).    See,  also.  Acid,  Nitric,  p.  71,  Vol.  I  of  this  Encyclopedia. 

Wild  tansy.     See  PoUantin,  p.  10307,  Vol.  XIII  of  this  Encyclopedia. 

Willburg,  von.  An  ophthalmologist  of  the  latter  third  of  the  18th  cen- 
tury, celebrated  for  having  proposed  (as  a  modernized  method)  a 
modification  of  "depression,"  or  "couching,"  which  he  called  "re- 
clination, "  for  the  relief  of  cataract.  Mere  "depression,"  or  "couch- 
ing" (q.  v.),  is  possibly  older  than  ciA'ilization  itself.  It  was  known 
throughout  antiquity  (scleronyxis  only)  and,  alone  or  combined  with 
discission,  was  the  solitaiy  method  employed.  "Reclination, "  von 
Willburg's  modification  of  "depression,"  consists  of  a  dislocation  of 
the  lens  not  merely  downward,  but  downward  and  backward,  so  that 
the  anterior  surface  of  the  crystalline  looks  upwards,  its  posterior  sur- 
face, however,  downward,  being,  in  fact,  in  contact  with  the  floor  of 
the  vitreous  chamber. 

Daviel,  in  1748,  published  his  first  account  of  the  extraction  method, 
which  had  been  invented  by  him,  but  this  procedure,  spite  of  its  great 
advantages  over  a  mere  dislocation  of  the  lens,  in  whatsoever  manner 
the  dislocation  might  be  performed,  did  not  reach  universal  acceptance 
till  nearly  the  middle  of  the  19th  century. 

Keratonyxis,  as  a  preliminary  step  in  the  performance  of  either  de- 
pression or  reclination,  was  not  invented  until  1806,  when  it  was  first 
described  by  Buchhorn,  in  his  graduation  thesis,  entitled  "De  Kera- 
tonyxidc."—{T.  H.  S.) 

Willebrand,  Knut  Felix  von.  A  well-known  Helsingfors  surgeon,  who 
devoted  considerable  attention  to  the  eye.  Born  June  11,  1814,  at 
Uskela,  Finland,  he  became  in  1840  Doctor  of  IMedicine  and  Surgery  at 
Helsingfors.  He  wrote  a  number  of  minor  ophthalmologic  articles 
for  A.  V.  Graefe's  ArcJiiv,  I  and  II,  and  died  Jan.  18,  1893.— (T. 
II.  S.) 

Williams,  Charles  Herbert.  A  famous  American  ophthalmologist.  Born 
at  Boston,  April  19,  1850,  he  was  a  son  of  the  still  more  famous  Henry 
Willard  Williams,  the  first  in  America  to  deliver  a  course  of  lectures 
on  the  eye,  and  of  Elizabeth  Dewey  Williams.  His  B.A.  was  received 
at  Harvard  University  in  1871,  his  medical  degree  in  1874,     After 
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a  number  of  years  devoted  to  the  study  of  ophthalmology  in  European 
centers,  he  returned  to  Boston,  where  he  practised  for  a  time  with  his 
father.'  He  married,  on  Oct.  1,  1884,  Caroline  Ellis  Fisher;  afterward 
removing;  to  Chicago  as  ophthalmic  surgeon  to  the  Chicago  and  North- 
western Kailway.  In  1895,  he  returned  to  Boston,  where  he  practised 
with  his  brother.  Dr.  E.  R.  Williams. 

Charles  H.  Williams  was  one  of  the  earliest  investigators  of  color- 
blindness in  this  country  and  an  excellent  writer  on  that  subject,  as 
well  as  on  errors  of  refraction.  He  will,  however,  be  especially  remem- 
bered as  the  first  to  extract  a  foreign  body  from  tlie  eye  by  the  aid  of 
a  Roentgen  picture.  The  picture,  we  may  add,  was,  in  the  case  in 
question,  made  by  yet  another  brother,  Dr.  F.  H.  Williams. 

Charles  H.  Williams  was  ophthalmologist  to  the  Massachusetts  Eye 
and  Ear  Infirmary  and  to  the  Boston  City  Hospital,  a  member  of  the 
Chicago  and  of  the  American  Ophthalmological  Societies. 

Charles  Williams  was,  like  his  father,  a  large,  tall  man,  of  fair  com- 
plexion, gray  of  eye  and  hair,  mustached,  quiet  and  reserved  in  man- 
ner. He  was  markedly  fond  of  animals — dogs,  cats,  and  horses  in 
particular.  lie  was  a  Republican  in  politics,  a  member  of  the  Boston 
Common  Council,  a  trustee  of  the  Township  High  School,  and  in  many 
other  waj'S  active  in  civic  affairs.  He  died  at  his  home  in  Cambridge, 
Mass.,  June  9,  1918,  survived  by  his  widow  and  two  children. 

The  following  passage  is  from  the  ''Boston  Evening  Transcript": 
"By  the  death  of  Dr.  Charles  H.  Williams  his  friends  have  lost  a 
loyal,  true  and  devoted  companion,  one  w^liom  it  was  a  joy  to  meet,  who 
Avas  always  ready  to  see  the  best  in  people,  free  from  envy  or  any  small 
or  narrow  point  of  view.  His  place  in  their  hearts  can  never  be 
filled.  The  community  has  lost  a  faithful,  unselfish  citizen,  never 
seeking  his  own  gain,  but  glad  to  contribute  his  skill  and  aid  in  any 
direction  needed,  giving  the  world  the  benefit  of  his  many  inventions, 
never  thinking  of  profit  or  fame.  Truly  of  such  a  man  we  may  quote 
the  lines, 

'This  man  is  freed  from  servile  bands 

Of  hope  to  rise  or  fear  to  fall. 
Lord  of  himself,  though  not  of  lands, 

And  having  nothing,  yet  hath  all.'  "~(T.  H.  S.) 
Williams,  Cornelius.  A  well-known  ophtlialmologist  of  St.  Paul,  Minn. 
Born  in  Kentucky  in  1848,  he  removed  in  1864  to  Minnesota  but  later 
retunied  to  Kentucky.  His  medical  degree  was  received  at  the  College 
of  Physicians  and  Surgeons  in  the  City  of  New  York  in  1874.  Hav- 
ing studied  ophthalmology  and  oto-laiyngology  and  practised  both 
tliese  specialties  in  New  York  City  for  a  number  of  years,  he  removed 
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in  1882  to  St.  Paul.  In  1901  lie  was  president  of  the  Ramsey  County 
Medical  Society.  At  some  time  in  his  career  he  was  admitted  to  the 
Minnesota  bar,  and,  on  a  number  of  occasions,  conducted  his  own  law- 
suits— each  time,  it  is  said,  successfully. 

Dr.  Williams,  in  his  later  years,  was  a  very  shy  man,  his  diffidence 
being  said  to  have  arisen  in  this  way.  Having  iritis  and  a  corneal 
ulcer,  he  was  operated  on  in  New  York  City,  undergoing  iridectomy 
simply  as  a  last  resort.  The  operation  was  unsuccessful,  the  iris  be- 
coming incarcerated  and  a  complete  leucoma  and  staphyloma  putting 
in  an  appearance  a  little  later.  Dr.  Williams,  who  had  always  been 
extremely  sensitive  about  his  personal  appearance,  was  very  much 
more  so  after  these  unfortunate  results.  One  of  the  Doctor's  hobbies 
was  letter-writing,  and  among  his  correspondents  he  numbered  some 
of  the  ablest  ophthalmologists  in  this  country  and  Europe. 

Dr.  Williams  died  at  St.  Luke's  Hospital,  St.  Paul,  Dec.  30,  1918, 
aged  70  years.  His  widow  had  predeceased  him,  but  he  was  survived 
by  one  son.— (T.  II.  S.) 
Williams,  Elkanah.  A  famous  American  ophthalmologist,  the  first  reg- 
ularly accredited  physician  in  America  to  confine  his  practice  to  oph- 
tlialmology  and  oto-laryngology.  Born  in  Lawrence  County,  Indiana, 
Dec.  19,  1822,  the  son  of  Isaac  Williams,  a  captain  in  the  IT.  S.  Army 
in  the  War  of  1812,  he  received  the  degree  of  A.B.  from  Asbury  Uni- 
A'ersity  (noAV  De  Pauw)  at  Greencastle,  Ind.,  and  the  degree  of  M.D. 
in  1850  at  the  University  of  Louisville.  After  about  two  years  of  suc- 
cessful general  practice,  he  returned  to  Louisville  and  took  another 
course  of  lectures.  In  the  spring  of  1852  he  settled  in  Cincinnati, 
but,  in  the  following  November,  proceeded  to  Europe  for  the  study 
of  ophthalmology.  For  eighteen  mouths  he  studied  with  Desmarres, 
Nelaton  and  Roux  in  Paris,  and  then  for  a  number  of  months  at 
Moorfields,  in  London.  Here  he  received  instruction  from  Bowman, 
Dixon,  Wordsworth,  Critchett  and  others,  and  is  said  to  have  been  for 
a  time  almost  the  only  student  in  the  great  Moorfields  Hospital.  He 
then,  for  a  very  few  months,  pursued  his  studies  at  Prague,  Vienna, 
and  Berlin. 

In  1855  he  returned  to  Cincinnati,  w-here  he  practised  as  ophthal- 
mologist and  oto-laiyngologist  exclusively,  and  then  became  "the  first 
regularly  accredited  physician  in  America  who  confined  his  practice 
strictly  to  these  branches."  In  1860  a  chair  of  ophthalmology  was 
established  at  Miami  ]\Iedical  College,  and  the  subject  of  this  sketch 
was  made  the  first  incumbent  of  the  new  position.  The  statement  has 
often  been  made  that  this  fact  constituted  Dr.  Elkanah  Williams  the 
first  to  deliver  a  course  of  lectures  on  oplithalmology  in  this  country. 
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But  sudi  a  statement  is  surely  incorrect.  Elkanah  Williams  was  in- 
deed the  first  in  America  to  deliver  a  course  of  didactic  lectures  on 
ophthalmology,  but  the  first  to  lecture  (clinically  it  was)  on  our  spe- 
cialty was  Henry  Willard  Williams,  of  Boston,  who,  in  1850,  gave  a 
clinical  course  in  ophthalmology  to  a  class  of  students  at  Harvard 
Medical  School.  (See  Williams,  Henry  Willard,  in  this  Encyclo- 
pedia). 

Wheu  the  Civil  War  broke  out,  Dr.  Elkanah  Williams  served  as  as- 
sistant surgeon  to  the  U.  S.  I\Iarine  Hospital  at  Cincinnati  for  a  num- 
ber of  years. 

Williams  was  a  member  of  a  numbcL-  of  International  Medical  Con- 
gresses, of  the  American  Ophthalmological  Society  and  of  the  Inter- 
natioiuil  Otological  Society.  He  was  also  a  member  of  the  staff  of  a 
number  of  hospitals. 

He  was  twice  married.     His  first  wife  bore  him  a  daughter    (the 
only  child  he  ever  had),  who  died  in  1851.    With  his  second  wife  he 
celebrated  his  silver  wedding  not  long  before  his  death. 
Dr.  Williams  died  Oct.  6,  1888. 

Regarding  the  physical  appearance  and  personal  character  of  the 
first  Amo'ican  ophthalmologist,  we  quote  the  following  passages  from 
Dr.  R.  Sattler:  "Tall  and  broad-shouldered,  with  a  merry  facial  ex- 
])rossion  Avliich  mirrored  his  genial  character,  eyes  which  by  their  soft 
and  penetrating  gaze  fascinated  the  attention  and  invited  discussion, 
associated  Avith  this  a  frank  and  earnest  address,  uniformly  courteous 
manners,  devoid  of  all  studied  or  acquired  polish,  one  could  but  be 
impressed  tliat  with  him  the  art  of  being  and  appearing  agreeable  was 
a  natural  or  spontaneous  attribute  or  gift.  Endowed  with  a  disposi- 
tion broad,  generous,  and  affectionate,  an  even  and  jolly  temperament, 
he  attracted  many  people,  and  in  his  social  as  Avell  as  his  professional 
relation  he  was  always  a  conspicuous  man,  in  particular  because  his 
ready  conversational  power,  adaptive  ability,  and  diverse  funds  of  in- 
forniation  rendered  easy  an  approach  with  strangers. 

"His  fund  for  story  telling  was,  among  his  friends,  almost  prover- 
liial,  and  this,  as  well  as  his  knack  for  their  favorable  introduction, 
must  also  be  considered  one  of  his  characteristics ;  certain  it  is  that  it 
afforded  him  as  much  pleasure  as  it  often  did  his  listener. 

"In  his  judgment  of  men  and  their  actions,  he  was  as  charitable  as 
he  was  liberal  and  just ;  firm  in  his  own  convictions  pertaining  to 
religious  and  secular  affairs,  he  accorded  the  most  respectful  recogni- 
tion to  the  vieAvs  of  others.  He  Avas  an  upright  Christian,  and  his  eon- 
duct  in  religious  matters  Avas  exemplary.     To  his  OAvn  cherished  re- 
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ligious  views,  and  to  the  simple  creed  of  his  church,  he  was  zealously- 
devoted.  ' ' 

A  list  of  Dr.  Williams's  writings  would  be  too  long  for  insertion 
here.  There  exists,  however,  a  privately  collected  book,  in  which  his 
articles,  or  at  least  the  most  of  them,  were  brought  together  by  Mrs. 
Williams,  with  an  artistic  title-page  and  a  table  of  contents  (running 
to  many  pages)  from  the  pen  of  his  former  pupil  and  assistant,  the  late 
Dr.  (Major)  Christian  R.  Holmes,  of  Cincinnati.— (T.  H.  S.) 
Williams,  Henry  Willard.  A  celebrated  American  ophthalmologist,  the 
first  in  this  country  to  deliver  a  course  of  lectures  on  diseases  of  the 
eye  as  a  specialty.  Bom  in  Boston,  Dec.  11,  1821,  son  of  Willard 
and  Elizabeth  Osgood  Williams,  he  received  his  general  education  in 
the  Latin  schools  at  Boston  and  Salem.  In  his  seventeenth  year  he  en- 
tered a  counting-room  on  Central  Wharf  in  Boston,  but  very  shortly 
afterward  took  up  the  position  of  Secretary  and  Publishing  Agent  in 
the  office  of  the  Massachusetts  Anti-Slavery  Society.  Later  still  he 
began  to  study  medicine,  and,  at  the  age  of  twenty -three,  matriculated 
in  the  Harvard  Medical  School.  At  the  end  of  his  second  course  of 
lectures  he  went  to  Europe,  where  he  studied  medicine  for  three  years 
more,  and,  at  length,  returning  to  Harvard,  received  the  degree  of 
Doctor  in  Medicine  from  that  institution  in  1849. 

He  was  then  for  a  time  assistant  physician  at  the  Cholera  Hospital 
on  Fort  Hill.  In  1849-51  he  was  one  of  the  visiting  district  physicians 
to  the  Boston  Dispensary.  In  1850  he  became  instructor  in  the  theory 
and  practice  of  medicine  in  the  Boylston  Medical  School,  a  position 
which  he  held  for  five  years.  In  1850,  furthermore,  he  delivered  to 
a  class  of  Harvard  medical  students  a  course  of  clinical  lectures  on 
diseases  of  the  eye,  apart,  that  is,  from  any  other  lectures,  as,  for  ex- 
ample, on  medicine  in  general  or  general  surgery. 

In  course  of  time  Williams  relinquished  absolutely  all  practice  ex- 
cept that  pertaining  to  the  eye,  being,  perhaps,  the  first  in  America 
to  do  this,  though  Elkanah  Williams,  of  Cincinnati,  was  the  first  to 
restrict  his  practice  to  the  eye,  ear,  nose  and  throat.  Henry  Willard 
AVilliams,  shortly  after  the  restriction  of  his  practice,  became  an  oph- 
thalmologist of  international  reputation.  He  was  ophthalmic  surgeon 
to  the  Boston  Dispensary  and  to  the  City  Hospital,  and  lecturer  and 
professor  of  ophthalmology  at  Harvard  Universit3^  He  was  a  member 
of  the  American  Ophthalmologieal  Society  (of  which  he  was  one  of 
the  foiuiders  in  1864,  and  for  many  years  the  president)  ;  a  member  of 
the  International  ^Medical  Congress  at  Philadelphia  in  1876;  Foreign 
Honorary  Fellow  of  the  Edinburgh  ]\Iedico-Chirurgical  Society ;  mem- 
ber of  the  Heidelberger  Oplithalmologische  Gesellschaft,  etc. 
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1)1-.  Williams,  as  the  result  of  a  severe  attack  of  influenza,  resigned, 
in  the  spring  of  1891,  both  his  teaching  position  and  his  hospital 
appointments"  On  so  doing,  he  endowed  at  Harvard  the  chair  he  had 
just  given  up.  From  the  effects  of  the  influenza  he  never  fully  re- 
covered.    He  died,  Avithout  suffering,  early  in  the  morning  of  June 

r.^,  1895. 

Dr.  Williams  married,  in  1848,  Elizabeth  Dew6,  of  London,  England. 
Of  the  union  were  born  two  sons,  Charles  Herbert  Williams,  a  well 
known  ophthalmologist  of  Boston,  and  Francis  Henry  AVilliams,  also 
of  Boston,  a  general  practitioner,  who  was  recently  professor  of  ther- 
apeutics at  Harvard.  Dr.  F.  H.  Williams,  we  may  add,  was  the  first 
to  attempt  a  demonstration  of  a  foreign  body  in  the  eyeball  by  means 
of  a  radiograph,  and  his  brother,  Dr.  Charles  H.  Williams,  was  the 
first  to  remove  a  foreign  body  so  shown. 

The  first  wife  having  died.  Dr.  Henry  Willard  Williams  married, 
in  1860,  Elizabeth  Adeline  Low,  of  Jamaica  Plain,  Mass.  Of  the 
union  were  born  a  daughter  an^  four  sons. 

Dr.  Williams  was  a  large  and  powerful  man,  of  very  impressive 
presence.  His  speech  was  slow,  distinct,  well  modulated  and  con- 
cise. The  writer  recalls  Avith  a  kind  of  pang  the  very  pleasant  (yet 
also  very  melancholy)  call  which  he  made  at  the  old  Doctor's  office, 
many  years  ago,  with  the  object  of  securing  relief  for  his  own  some- 
what troublesome  visual  apparatus,  only  to  learn,  however,  that  the 
first  of  American  ophthalmologists  had  become  an  invalid,  and,  there- 
fore, could  practise  no  longer.  "You  had  better,"  said  he,  "see  Dr. 
Wadsworth."  He  proceeded,  how-ever,  weak  as  he  was,  to  ask  a  large 
number  of  questions,  then  to  compare  vicAvs,  finally  expressing  his 
sympathy  in  no  unmistakable  terms.  He  went  to  the  door  with  me,  and, 
having  said  ' '  Good-bye,  sir, ' '  added  again  and  yet  again  his  Avish  that 
he  might  have  been  able  to  be  of  service  to  me.  "But  all  that,"  said 
he,  Avaving  his  hand,  as  if  putting  something  definitely  to  one  side, 
"is  over." 

Concerning  the  personal  character  of  Dr.  Williams,  I  quote  the 
folloAving  from  Dr.  John  Green,  Sr.,  of  St.  Louis :  "In  the  Avide  range 
of  activities  represented  by  the  many  professional,  scientific,  and  other 
organizations  Avitli  Avhich  he  Avas  connected,  Dr.  Williams  Avas  con- 
spicuous for  fidelity  and  punctuality  in  the  discharge  of  duty.  It  Avas 
his  greatest  happiness  to  be  constantly  employed,  yet  he  never  seemed 
to  be  hurried,  and  rarely  appeared  to  be  overAVorked.  He  found  the 
relaxation  which  he  needed  in  variety  of  occupation,  in  his  family,  and 
in  the  companionship  of  old  and  intimate  friends.  Some  of  his  closest 
friendships  Avere  Avith  physicians,  companions  in  early  struggles  and 
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'  in  later  successes,  most  of  whom  he  survived.  In  tiie  nature  of  things, 
their  places,  as  one  by  one  they  became  vacant,  could  never  be  ade- 
quately filled.  Of  younger  men  only  the  comparatively  small  number 
Avhom  he  admitted  to  a  closer  intimacy  can  fully  appreciate  the  strong 
and  fine  qualities  which  endeared  him  to  the  friends  who  went  before 
him.  To  quote  the  words  of  a  friend,  who  knew  him  long  and  well : 
'He  impressed  his  strong  personality  on  his  medical  brethren,  as  he 
lived  and  worked  largely  for  them.  He  was,  all  in  all,  a  doctor  first, 
and  other  things  afterwards.  ...  Of  large  stature  and  strong 
character,  he  was  a  conspicuous  figure  on  all  medical  occasions.  He 
Avas  ...  a  forcible  and  persuasive  speaker,  and  an  excellent  pre- 
siding officer.  .  .  .  Conservative  to  a  fault,  yet  he  was  kindly  and 
thoughtful  of  his  professional  brothers.  ...  He  did  not  grow  old, 
but  retained  his  enthusiasm  to  a  remarkable  degree.  ...  He  was 
as  sturdy  and  honest  in  suppressing  quackery  as  in  favoring  his 
weaker  medical  brothers  with  professional  advice  and  with  substantial 
aid.  .  .  .  His  mind  was  virile,  set,  consistent,  naturally  meeting 
with  and  contending  with  opposition.  ...  He  left  his  mark  on 
his  times  and  on  our  community.'  " 

In  a  literary  way  Dr.  AVilliams  was  also  very  active.  Aside  from 
Ids  numerous  journal  articles,  case  reports,  book  reviews,  etc.,  we 
may  mention:  1.  Michel's  "Spectacles:  Their  Uses  and  Abuses  in 
Long  and  SJwrtsightedness."  (Trans,  by  H.  W.  Williams,  1850.)  2. 
Practical  Guide  to  the  Study  of  the  Diseases  of  the  Eye.  (1862.) 
3.  Recent  Advances  in  Ophthalmic  Sciences.  (Boylston  Prize  Essay, 
1865.)  4.  The  Diagnosis  and  Treatment  of  Diseases  of  the  Eye. 
(1881;  2d  ed.,  1886.)  — (T.  H.  S.) 

Williams,  John.  An  Anglo-French  quack,  who  flourished  like  an  ill 
weed  in  the  early  portion  of  the  18th  century.  In  1814  he  began  to 
practice  at  Paris,  but  in  1830  his  license  was  revoked  by  the  change 
in  political  affairs.  He  did  not  operate  for  cataract,  but  sold  for  500 
francs  a  remedy  which  would  prepare  the  patient  for  the  operation 
and  make  it  safer. —  (T.  H.  S.) 

Willis,  Thomas.  A  celebrated  anatomist,  for  whom  is  called  the  re- 
markable vascular  system  at  the  base  of  the  brain — the  "circle  of 
Willis."  Born  Feb.  6,  1622,  at  Great  Bedurin,  Wiltshire,  England, 
he  studied  at  first  theology,  later,  however  (and  chiefly  for  political " 
reasons),  natural  philosophy  and  medicine.  He  received  the  bac- 
calaureate degree  in  medicine  at  Oxford  in  1646.  In  1660  he  was  called 
to  the  chair  of  natural  philosophy  in  his  ahna  muter,  and,  soon  after, 
received  his  doctorate.  In  1666  he  settled  in  London,  where  he  met 
with  much  success  as  a  general  practitioner,  but  where,  nevertheless, 
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his  life  would  seem  to  liave  been  embittered  by  the  constant  machina- 
tions of  professional  enemies.  According  to  Pagel,  his  death— which 
occurred  Nov.  11,  1675,  in  the  54th  year  of  his  age— resulted  directly 
from  these  unscrupulous  plottings. 

Of  his  numerous  writings,  we  need  to  mention  here  only  his  ''Cerebri 
anotome  Ncrvorumque  Descrittio  et  Usiis,  Studio  Thomae  Willis,  M.D., 
Natural.  Philos.  Prof.  Oxon.  necnon  Inclyti  Collegii  Londoni  et  Societ. 
Reg.  Socii,  Genev.  1676."  In  this  justly  celebrated  work,  Willis,  for 
the"  very  first  time  in  history,  refers  defects  of  the  visual  field  to 
pathologic  alterations  in  the  retina.  Despite  the  fact  that,  among  such 
deficiencies,  he  included  miiscce  voUtantes,  his  discovery,  or  theory, 
marked  a  distinct  advance  in  the  pathology  of  the  eye.* — (T.  H.  S.) 
Willow  salix.  A  genus  of  trees  and  shrubs  of  the  natural  order  Sali- 
cacece,  otherwise  regarded  as  a  sub-order  of  AmentacecB.  There  are 
many  species  and  numerous  varieties.  They  are  mostly  natives  of  the 
colder  temperate  regions  of  the  northern  hemisphere,  although  some 
are  found  in  warm  countries,  as  Salix  tetrasperma  in  the  hottest  parts 
of  India.  The  white  willow,  or  Huntingdon  willow,  is  a  very  rapid 
grower,  and  a  cutting  has  been  known  to  become  a  tree  of  30  feet 
high  in  ten  years,  and  eventually  reaches  a  height  of  80  feet.  The 
wood  of  some  willows  is  used  for  many  purposes,  being  remarkably 
tough  and  durable,  although  light  and  soft.  The  twigs  of  most  of  the 
willows  are  very  tough  and  flexible,  and  are  much  used  for  basket- 
making  and  other  kinds  of  wicker-work.  A  valuable  medicinal  prin- 
ciple called  salicin  exists  in  the  bark  of  willows ;  it  is  more  abundant 
in  the  Bedford  willow  (;S^.  Busselliana),  than  in  any  other  species. 
The  weeping  willow  (8.  habylonica) ,  a  native  of  the  East,  is  cultivated 
for  its  beautiful  pendent  twigs. —  {Standard  Encyclopedia.) 

Many  preparations  of  species  belonging  to  this  genus  are  used  in 
medicine,  some  of  which  are  quite  important  in  ophthalmic  thera- 
peutics. 

Of  the  willow  there  were  eight  varieties,  according  to  Pliny  the 
elder.  The  juice  of  the  leaves  and  the  bark  of  any  of  these  varieties 
would  seem  to  have  been  employed  in  ancient  Greco-Roman  times  for 
various  affections  of  the  pupils. —  (T.  H.  S.) 
Wilson,  James.  A  celebrated  blind  poet.  Born  at  Richmond,  Va.,  in 
1779,  he  was  blinded  at  the  age  of  four  by  smallpox,   under  the 

*  Until  Keppler,  in  the  picturesque  language  of  Hirschberg,  "cast  the  lens  from 
its  throne  and  set  up  in  its  place  the  retina"  (i.e.,  as  the  essential  visual  ap- 
paratus) it  was,  of  course,  impossible  that  the  retina  should  be  regarded  as  in  any- 
Avise  responsible  for  defects  in  the  visual  field.  Keppler 's  discovery  was  made, 
or,  at  least,  published,  in  1604.  See  Keppler.  See,  also,  Maurolycus,  p.  7617,  Vol. 
X  of  this  Encyclopedia. 
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following  unusual  and  distressing  circumstances.  His  parents  bad 
taken  him  on  a  ship,  en  route  for  England,  but,  a  few  days  out  at 
sea,  both  parents  died.  Shortly  afterward,  the  subject  of  this  sketch 
contracted  smallpox,  and,  before  his  arrival  in  England,  was  totally 
blind  in  one  eye  and  almost  blind  in  the  other.  Soon  after  his  de- 
barkation he  was  knocked  down  by  a  cow,  and,  a  day  or  two  later, 
was  totally  blind. 

The  story  of  the  rest  of  his  boyhood  and  of  his  youth,  is  one  long 
tale  of  almost  unvarying  sorrow.  At  the  age  of  eight,  however,  he 
was,  for  a  time,  self-supporting.  Having  been  presented  with  a  small 
model  of  the  Koyal  George,  which  had  just  been  lost  at  Spithead,  he 
made  a  duplicate  thereof  from  a  piece  of  wood  "with  no  other  tools 
than  an  old  knife,  a  chisel,  and  a  hammer."  This  duplicate  he  sold, 
and  soon  he  was  overwhelmed  with  orders.  Still  later  he  carried 
letters  to  and  from  offices  some  of  which  were  as  far  as  thirty  and 
forty  miles  apart.  He  then  studied  music,  but  finding  that  it  led  to 
evil  associations,  he  gave  that  up.  He  next  delivered  newspapers  to 
subscribers  at  a  salary  of  "half-a-dozen  papers  and  two  shillings  per 
week. ' '  In  the  course  of  the  last  two  named  employments,  he  acquired 
a  wonderful  knowledge  of  local  topography,  as  is  shown  by  the  fol- 
lowing anecdote  from  his  " Autohiograyhy" :  "I  hope  the  account  of 
the  following  adventure  will  be  acceptable  to  my  readers,  as  it  will 
illustrate  what  I  have  said  respecting  my  perambulations  through  the 
town  and  neighborhood  where  I  was  reared.  On  a  winter's  evening, 
in  1797,  as  I  stood  in  one  of  the  principal  streets,  I  was  accosted  by 
a  person,  who  in  the  southern  accent  inquired  its  name.  After  I  had 
imported  the  desired  information,  he  told  me  that  he  was  a  soldier, 
and  belonged  to  a  detachment  of  the  Limerick  militia,  which  had 
marched  into  Belfast  that  day. 

"  'I  went  out,'  said  he,  'to  look  for  the  sergeant,  to  get  the  pay, 
and  being  a  stranger  in  the  town,  I  lost  myself;  I  left  my  wife  and 
my  firelock  in  the  lodging-house,  and  I  forgot  the  name  both  of  the 
street  and  of  the  people  that  owned  the  house.  I  have  been  wander- 
ing about  these  two  or  three  hours,  and  nobody  can  tell  me  where 
they  are.' 

"I  inquired  if  he  had  observed  any  particular  building  near  the 
place  where  he  left  his  wife.  'I  believe,'  replied  he,  'after  turning 
one  or  two  corners,  I  observed  a  church.'  I  considered  for  a  moment, 
in  which  of  the  streets  in  that  quarter  there  was  a  lodging-house,  and 
recollected  that  a  Mrs.  Tawny  kept  a  house  of  entertainment  in  Wil- 
liam Street.  I  bade  him  follow  me,  and  took  good  care  to  keep  before 
him,  that  he  should  not  discover  that  I  was  blind.    At  that  time  there 
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woi-o  no  houiies  ou  tho  soutliAvest  side  of  William  Street;  and  fronting 
the  houses  on  the  north-east,  there  was  a  deep  ditch,  which  served 
as  a  receptacle  for  all  the  nuisances  of  the  neighborhood.    As  the  night 
was  very  dark,  and  there  were  no  lamps  in  that  direction,  his  eyes 
were  of  no  service  to  him  whatever ;  consequently  he  resigned  himself 
entirely  to  my  guidance.     We  had  to  cross  the  puddle  already  men- 
tioned by  six  stepping-stones ;  and  though  there  was  no  danger  what- 
ever of  being  drowned,  it  was  more  than  probable  that,  had  the  sol- 
dier got  a  dip,  his  plight,  on  coming  out,  would  have  been  far  different 
from  that  in  Avhich  he  appeared  at  parade.     I  groped  with  my  staff 
to  the  first  stepping-stone,  and,  getting  on  it,  I  took  hold  of  his  hand, 
and  bade  him  put  his  foot  where  mine  was,  warning  him,  at  the  same 
time,  of  the  consequence  of  not  balancing  well.     In  this  manner  I 
conducted  him  from  one  stone  to  another,  till  I  landed  him  safely  on 
the  opposite  side,  and  was  highly  diverted  to  hear  him  observe  that  my 
eyes  were  better  than  his.     I  brought  him  to  Mrs.  Tawny 's,  and  left 
him  standing  at  the  door,   while   I   Avent   in  to  make   the   necessary 
inquiry'.     I  soon  learned  that  I   had  guessed  right,  for  I  found  his 
wife  almost  in  despair  at  his  absence,  but  I  bade  her  to  be  of  good 
cheer,  for  I  had  brought  her  husband  to  her ;  and  so  saying,  I  called 
him  in.    Tlis  wife  was  rejoiced  to  see  him  again,  and  saluted  him,  by 
crying  out,  'Bless  me,  dear  Barney,  where  liave  3'ou  been?     I  thought 
you  were  lost!' — 'Arrah,  my  dear,   I  couldn't  find  my  way  back,' 
said  he,  'if  it  hadn't  been  for  this  decent  man  that  showed  me  the 
house.' — 'And   more   shame   for   you,'   said   the   landlady,    'for  you 
have  your  eyesight,  and  yet  you  nnist  be  guided  to  your  lodging  by 
a  blind  man.'    On  hearing  this  they  were  both  astonished,  and  began 
heartily  to  bless  themselves.     As  their  astonishment,   however,   sub- 
sided, the  hospitality  of  their  Irish  hearts  began  to  display  itself; 
for,  on  discovering  that  I  was  only  a  mortal  being,  and  partook  of  the 
same  nature  and  appetite  as  themselves,  I  Avas  cordially  pressed  to 
stay  and  partake  of  the  fare  that  Barney,  in  all  his  peregrinations 
through  the  streets,  had  taken  good  care  to  bring  safely  to  his  wife. 
I,  however,  declined  the  kind  offer,  and  left  them  to  drink  their  tea 
themselves,  and  enjoy  the  happiness  that  succeeds  when  groundless 
fears  and  trivial  disappointments  have  vanished  away." 
^    After  a  time,  the  blind  young  man  turned  his  attention  to  the 
itinerant  selling  of  hardware.    Here,  too,  however,  his  blindness  was 
very   much   against  him,   as  witness  the   following   pathetic   words: 
While^  vending  my  hardware   through  the   country,   I   found  this 
occupation  ill-suited  to  my  circumstances;  I  was  exposed  to  many 
inconveniences,  and  experienced  much  fatigue  and  distress  both  of 
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body  and  niiud.  The  want  of  sight  made  it  ditficult  i'or  me  to  steer 
my  course  aright,  and  I  was  often  exposed  both  to  hardships  and 
danger.  Many  a  time  have  I  heard  the  thunder  roll  over  my  head, 
and  felt  the  teeming  rain  drench  me  from  head  to  foot,  while  I  have 
unknowingly  passed  l)y  a  place  of  shelter,  or  stood  like  a  statue, 
not  knowing  Avhicli  way  to  turn,  tliough  within  a  few  paces  of  a 
house.  HoAv  different  then  is  my  situation  from  his  who  has  his 
sight!  From  the  impediment  which  caused  me  so  much  pain  he  is 
happily  exempt;  while  he  pursues  his  journey,  he  can  trace  the 
various  beauties  of  the  surrounding  scenery;  the  picturesque  land- 
scape, the  spreading  oak,  the  flowing  brook,  the  towering  mountain 
that  hides  its  blue  summit  in  the  clouds,  the  majestic  ocean  dashing  on 
the  'shelly  shore,'  and  the  vast  expansive  arch  of  Heaven,  bespangled 
with  innumerable  stars,  have  all,  for  him,  their  respective  beauties, 
and  fail  not  to  awaken  pleasing  and  agreeable  reflections;  but  to  the 
blind  these  pleasures  are  unknown,  the  charms  of  nature  are  con- 
cealed under  an  impenetrable  veil,  and  the  God  of  light  has  placed 
between  him  and  silent  but  animated  nature  an  insuperable  barrier." 

In  1800  he  entered  a  Belfast  institution  for  the  instruction  of  the 
blind,  in  which  he  "acquired  a  partial  knowledge  of  the  upholstery 
business.-'  This  business  he  followed,  it  seems,  for  a  number  of 
years  with  a  fair  amount  of  success. 

About  this  time  it  was  that  his  mind  began  to  turn  to  literature. 
Once  again  we  quote  from  his  interesting  book:  "Time  glided  pleas- 
antly away,  no  room  being  left  for  idle  speculations  or  gloomy  fore- 
bodings. In  1803,  a  number  of  3'oung  men  formed  a  Reading  Society 
in  Belfast,  and  although  they  were  all  mechanics,  yet  some  of  them 
were  also  men  of  taste,  and  possessed  considerable  talents.  Into  this 
society  I  was  admitted  a  member,  at  the  same  time  that  I  was  kindly 
exempted  from  the  expense  attending  its  regulations.  One  of  the 
members  was  a  man  of  the  most  extraordinary  character  I  had  ever 
known,  and  therefore  I  attached  myself  to  him.  To  good  nature  he 
united  an  original  genius,  good  taste,  and  great  sensibility;  and 
had  an  early  education  been  his  lot,  or  had  his  mind  been  sufficiently 
expanded  by  study,  he  would  have  become  an  ornament  to  society, 
but  he  was  totally  devoid  of  ambition,  and  never  had  a  wish  to  rise 
above  the  rank  of  an  humble  mechanic.  This  man  proposed  to  read 
to  me  if  I  could  procure  books:  our  stated  time  for  this  employment 
was  from  nine  o'clock  in  the  evening  until  one  in  the  morning,  in 
the  winter  season,  and  from  seven  until  eleven  in  the  summer;  when 
I  was  not  particularly  engaged  I  frequently  attended  him  at  other 
intei-A^als.    At  breakfast  he  had  half  an  hour  allotted  to  him,  at  dinner 
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a  whole  liour,  and  every  minute  of  this  was  filled  up,  for  he  generally 
read  to  me  between  every  cup  of  tea.  By  this  means  I  committed  to 
memoiy  a  vast  collection  of  pieces  both  in  prose  and  verse,  which 
I  still  retain,  and  which  have  been  until  the  present  hour  a  never 
failing  source  of  amusement  to  me.  The  more  I  heard  read,  the 
more  my  desire  for  knowledge  increased,  while  I  learned  at  the  same 
time,  that  'the  more  a  man  knows,  he  finds  he  knows  the  less.'  So 
ardent  and  steady  was  my  desire  for  knowledge  at  that  time,  that  I 
could  never  bear  to  be  absent  a  single  night  from  my  friend;  and 
often,  when  walking  in  the  country,  where  I  could  have  been  com- 
fortably accommodated,  I  have  traveled  three  or  four  miles  in  a 
severe  winter  night  to  be  at  my  post  in  time.  Pinched  with  cold  and 
drenched  with  rain,  I  have  many  a  time  sat  down  and  listened  for 
several  hours  together  to  the  writings  of  Plutarch,  Rollin,  or  Claren- 
don. For  seven  or  eight  years  we  continued  this  course  of  reading; 
but  to  give  a  catalogue  of  the  authors  we  perused  in  that  time,  would 
be  far  into  my  present  purpose;  suffice  it  so  say,  that  every  book  in 
the  English  language  which  we  could  procure  was  read  with  avidity ; 
ancient  and  modern  history,  poetry,  biography,  essays,  magazines, 
voyages,  travels,  etc.,  were  among  our  studies.  How  precious  these 
opportunities  were,  and  how  dear  the  recollection  of  them  are  to  me 
even  now,  can  only  be  adequately  understood  by  the  few  who  have 
realized  similar  enjoyments,  and  can  indulge  in  similar  recollections. 
Thus,  and  otherwise,  I  was  enabled  to  collect  a  number  of  miscellane- 
ous facts  in  sundry  departments  of  knowledge,  but  without  being  in 
the  possession  of  the  links  necessary  to  bind  them  together,  and  form 
them  into  a  connected  system.  But  even  as  detached  facts  they  were 
valuable;  and  when  I  obtained  one  fact  that  seemed  new,  striking, 
and  important,  I  felt  a  thrill  to  my  very  soul  as  if  I  had  found  a 
blessing,  and  so  I  had." 

The  first  of  Wilson's  poems  to  attract  the  attention  of  the  public 
was,  "An  Elegy  on  the  Death  .of  an  Unf&rtanate  Female."  Encour- 
aged by  this  success  he  published  in  a  small  volume  a  collection  of 
his  poems.  Its  success  was  immediate,  giving  to  its  author  a  well 
deserved  reputation  as  one  of  the  first  of  the  English  minor  poets. 
The  most  remarkable  poem  in  the  collection,  probably,  is  the  one 
entitled  "Verses  on  the  Richmond  National  Institution  for  the  Blind 
in  Ireland."    The  last  five  stanzas  of  this  poem  are  as  f oIIoavs  : 

"In  vain  the  twilight  shade  descends 

In  magic  softness,  pure,  serene; 
In  vain  the  star  of  evening  blends 

Its  dewy  light  to  gild  the  scene. 
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"Let  infidels  presumptuous  asl?:, 

With  reason 's  boasted  pride  elate ; 
But  be  tlie  Christian's  sacred  task, 

To  cheer  his  brother's  hapless  fate. 

' '  Be  3'ours,  with  liberal  hand,  to  prove 

The  feelings  of  a  grateful  mind ; 
Be  yours,  by  acts  of  pious  love, 

To  sooth  the  sorrows  of  the  blind. 

"Be  his,  to  speak  the  Saviour's  name 
To  hearts  that  catch  the  joyful  sound ; 

To  kindle  pure  devotion's  flame, 
And  shed  immortal  glory  round. 

"Thus,  when  the  veil  of  darkness  spread 

In  all  the  gloom  of  endless  night, 
'Let  there  be  light,'  Jehovah  said, 

Creation  heard  and  all  was  light." 

Wilson  published  a  number  of  works  in  prose,  not  one  of  which, 
however,  gave  him  half  the  reputation  of  his  poems. 

He  married  on  the  27th  of  November,  1802,  a  lady  whose  name  is 
no  longer  ascertainable.  Among  his  intimate  friends  were  John 
Ijushington  Reilly,  cf  Scarvagh,.  Dr.  Percy,  Bishop  of  Dromore,  and 
the  Rev.  Henry  H.  Boyd,  a  famous  translator  of  Dante. 

Wilson  died  at  Birmingham,  England,  about  1845.  The  exact  date 
cannot  be  ascertained. —  (T.  H.  S.) 

Wilson's  cobalt  blue.  One  of  the  numerous  forms  of  tinted  glass  now 
on  the  market,  intended  to  protect  the  eyes  from  glare  or  from  in- 
jurious rays  of  light.  Spectograms  comparing  this  with  other  forms 
of  protective  glass  will  be  found  in  the  Trans.  Ophfh.  Sec,  A.  M.  A., 
p.  256,  1915. 

Wilson's  welder's  glass.  Another  of  the  numerous  forms  of  tinted 
glass  noAv  on  the  market,  designed  to  protect  the  eyes  from  glare  or 
from  injurious  rays  of  light.  Spectrograms  comparing  this  with  other 
forms  of  protective  glass  will  be  found  in  the  Trans.  Oyhtli.  Sec.  A. 
M.  A.,  p.  256,  1915. 

Wimpern.     (G.)     Cilia. 

Wimshurst,  James  (1832-1903).  Inventor  of  an  "influence"  or  elec- 
trostatic machine ;  was  born  in  London,  England.  He  demonstrated 
the  possibility  of  dispersing  and  reflecting  the  Rontgen  rays. 

Windage,  Effects  on  an  eye  of.  See  War,  Ophthalmic  Medicine  and 
Surgery  in.  An  illuminating  discussion  of  the  subject  is  that  by 
]\rcKee  (Cq-nrSa  Med.  Jouni.,  p.  108,  Feb.,  1919). 
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Wind-gauge,     (a)  An  anemometer.       (b)  A  pneumatic  pressure  gauge. 

(e)  A  graduated  attachment  to  the  sights  of  a  firearm. 
Window  glass.  As  R.  E.  Dauforth  {Scientific  Monthly,  p.  537,  June, 
1919)  points  out,  window  glass,  that  came  into  common  use  only  200 
years  ago,  is  a  factor  of  prime  importance  in  the  evolution  of  man. 
Not  that  glass  has  had  much  to  do  with  shaping  his  body  and  brain 
of  to-day— it  has  not  had  time  to  do  that— but  that  the  thoughts  filling 
his  mind,  that  the  greater  part  of  his  activities,  and  that  the  bodies 
and  brains  of  generations  to  come  are  and  will  be  greatly  influenced 
l)y  window  glass;  and  that  in  it  are  serious  dangers  as  well  as  boons. 
The  thought  is  astonishing,  yet  simple  of  proof,  and  clear  as  the  light 
which  comes  through  the  windows  in  question. 

Before  window  glass  became  a  common  possession  of  the  people 
there  came  into  homes  and  shops  the  air  and  the  temperature  of  out- 
doors through  the  openings  which  admitted  the  light  of  day.  The  air 
was  beneficial  but  the  temperature  it  brought  Avith  it  not  always  so. 
AVhen  the  outdoor  temperature  Avas  not  too  low  and  the  outdoor  air 
not  in  too  great  activity,  life  and  industries  within  could  go  merrily 
and  Avell,  but  let  either  the  air  or  its  temperature  be  unfavorable  and 
at  once  discomfort  and  a  necessary  cessation  of  certain  activities  en- 
sued. 

Think  of  the  demoralizing  effect  of  such  uncertainty  upon  industry. 
Modern  inventions  could  not  have  come  in  such  marvellous  profusion 
before  the  day  of  this  one  invention  of  a  simple  device  admitting  day- 
light and  excluding  to  a  great  extent,  the  outer  temperature. 

Many  other  inventions  should  do  homage  to  this  one  to  which  they 
unwittingly  owe  their  existence.  Even  today  if  window  glass  should 
become  one  of  the  "lost  arts,"  a  large  number  of  other  inventions 
would  at  once  cease  to  be  useful  or  be  forgotten  through  neglect, 
even  despite  the  fact  that  artificial  illumination  has  made  remark- 
able strides  since  the  universal  introduction  of  window  glass.  When 
Ave  boast  that  so  many  changes  have  taken  place  in  our  industrial 
life  so  very  recently,  and  that  our  so-called  "civilization"  has  had 
a  mushroom-like  groAvth,  let  us  note  that  the  chain  of  links  of  causes 
leads  us  quickly  back  to  AvindoAV  glass  as  one  of  the  prime  permitters. 

But,  some  one  may  object,  Avas  not  glass  manufactured  and  dis- 
tributed by  the  ancient  Phoenicians?  Yes  and  probably  before  these 
by  the  Egyptians.  Hoav  then  can  Ave  attribute  our  very  recent  and 
radical  changes  to  Avindow  glass?  It  is  indeed  surprising  to  think 
hoAv  ncAv  is  the  general  use  of  glass  in  Avindows  Avhen  the  substance 
had  been  knoAvn  so  long  and  used  for  vases  and  gems  and,  now  and 
then,  in  some  sort  of  Avindow.     We  read  of  ancient  AvindoAVS  of  per- 
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forated  marble  frames  set  with  small  plates  of  east  glass.  There  were 
the  marvellous  stained  glass  windows  of  medieval  cathedrals.  Back 
as  far  as  the  time  of  Pope  Leo  III  (795-816  A.  D.)  and  probably 
earlier,  colored  glass  was  used  for  church  windows."  The  common 
people,  however,  had  no  such  luxurj^  in  their  homes  and  shops.  That 
wdiicli  Ave  now  consider  a  necessity,  w^as  unknown  to  our  forebears 
for  many  centuries  thereafter.  Recent  terrific  explosions  in  New 
Jersey,  breaking  windows  in  many  hundreds  of  homes  and  other 
buildings,  brought  home  to  some  for  a  few  days  our  real  dependence 
upon  window  glass  today. 

By  1302  the  king  of  France  used  some  window  glass  made  in  his 
own  country  at  Bezu  le  Foret,  Department  of  the  Eure.  Eneas  Silvio, 
who  later  became  Pope  Pius  II,  expresses  his  surprise  at  finding 
glazed  windows  in  Vienna  in  1448.  These  were  probably  composed 
of  these  strange  round  panes  that  are  sometimes  imitated  in  modern 
Avindows. 

AVhatever  window  glass  existed  in  Roman  times  was  cast.  The  art 
of  casting  glass  seems  then  to  have  been  forgotten  until  1688,  after 
which  it  became  possible  to  make  much  larger  mirrors  than  could  be 
made  by  blowing.  Yet  window  glass  was  even  then  the  prized  pos- 
session of  kings  and  wealthy  nobility,  and  these  had  only  a  scant 
supply. 

A  Avriter  in  the  time  of  Elizabeth  speaks  of  glass  windows  displacing 
lattice-work,  but  so  rare  and  costly  was  it  at  that  time  that  some  noble 
when  he  left  his  city  residence  had  the  glass  windows  carefully  re- 
moved. A  centuiy  later,  in  the  time  of  Charles  II,  glass  was  not 
used  in  all  of  the  rooms  of  the  king's  palace.  It  was  therefore  not 
before  the  eighteenth  century  that  glass  became  at  all  common  in  the 
windows  of  the  people.  It  seems  safe  to  assume  that  Avhile  many 
individuals  maj'  have  had  scant  supplies  of  window  glass  by  the 
middle  of  the  seventeenth  century  or  earlier,  the  commodity  could 
hardly  have  been  common  before  the  eighteenth  century,  hence  its 
effect  upon  human  customs,  industries  and  mode  of  life  could  not 
have  begun  to  operate  appreciably  before  that  time,  and  it  is  with 
this  far-reaching  effect  upon  race  evolution  that  Ave  are  now  con- 
cerned, rather  than  with  the  question  of  when  the  first  European 
cobbler  may  have  put  glass  into  the  window  of  his  shop  or  home. 

Without  some  of  these  facts  we  might  easily  fall  into  the  error, 
which  is  doubtless  very  prevalent  today,  that  our  ancestors  had  had 
glass  windows  a  much  greater  proportion  of  the  time  elapsing  since 
the  invention  of  glass  so  many  centuries  ago.  But  the  great  change 
in  home  life  and  tlie  change  in  industrial  life  and  in  the  industries 
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themselves  eoiild  not  begin  until  an  abundance  of  cheap  glass  filled 
all  homes  with  a  flood  of  daylight,  and  all  shops  and  offices  and  fac- 
tories as  well,  keeping  in  the  artificial  heat  at  the  same  time.  From 
that  time  the  outdoor  life  rapidly  lost  its  people  while  the  world  of 
indoors  gained  devotees,  willing  or  unwilling,  by  thousands  of  thou- 
sands. A  host  of  new  industries  sprang  into  being  in  the  wake  of 
window  glass,  and  these  begat  other  industries,  scientific  inventions 
and  discoveries  with  magic  rapidity.  The  general  use  of  window 
glass  is  a  thing  of  yesterday,  and  in  its  train  there  now  follows  a 
striking  pageant  of  industrial  revolutions.  Large  factories  were  made 
possible,  big  business  began  and  the  physical  conditions  of  home  life 
were  completely  changed.  The  air  which  all  breathed,  in  home  and 
shop  and  office,  became  at  once  far  less  pure,  its  oxygen  was  con- 
sumed and  it  became  flecked  with  fine  dust,  and  the  pristine  rigors 
of  a  temperate  climate,  with  all  that  they  had  meant  for  the  vigor 
of  the  northern  peoples,  were  commuted  to  conditions  of  tropical 
evenness  of  temperature  with  what  debilitation  such  brings  and  with- 
out the  constant  renewal  of  air  which  might  be  had  in  the  tropics. 
Although  this  change  came  but  yesterday,,  already  a  marked  increase 
in  physical  debility  in  our  most  "civilized"  populations  is  a  matter 
of  common  comment  and  concern.  How  quickly  our  young  men  in 
army  and  navy  camps  respond  to  a  more  rigorous  life,  with  much 
training  in  the  open  under  all  conditions  of  temperature  and  weather. 
We  can  fairly  see  the  color  and  strength  and  sturdiness  return  to  the 
j^outh  of  a  civilization  whose  vital  strength  is  ebbing  while  its  inven- 
tions and  industries  fairly  leap  into  being. 

Before  the  days  of  universal  window  glass  what  conditions  pre- 
vailed? There  was  not  the  same  field  for  people  in  the  industrial 
life  that  there  is  today,  while  the  very  lack  of  combination  and  co- 
operation in  commerce  and  industry  made  it  necessary  for  a  far 
larger  proportion  of  the  population  to  raise  their  own  food  in  part, 
thus  the  indoor  life  was  not  available  and  the  outdoor  life  was  a 
necessity  to  a  larger  extent  than  today  for  the  majority  of  the  people. 

With  window  glass  the  habits  of  life  and  livelihood  are  completely 
changed,  habits  of  thought  are  revolutionized  and  the  field  and  scope 
of  thought  changed.  The  whole  environment  is  changed  for  the 
species,  including  temperature,  humidity,  material  environment,  com- 
position of  air  breathed,  visual  and  mental  horizons,  and  a  change 
in  the  relative  adjustments  of  human  beings  to  disease  germs.  Such 
radical  changes  both  within  and  without  the  human  organism  are 
bound  to  produce  physiological  changes  in  the  individuals.  They 
also  set  in  motion  new  factors  in  the  evolution  of  the  race.    Whether 
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we  accept  the  results  of  experiments  like  tliose,  for  instance,  of  Kam- 
merer,  tlie  Viennese,  upon  the  effects  of  climatic  change  npon  the 
germ  plasm  of  animals  and  their  offspring,  or  whether  we  reject  them 
as  inconclusive,  it  is  certain  that  climate  and  other  environmental 
factors  always  do  in  the  long  run  change  the  character  of  the  in- 
habitants very  radically  in  one  way  and  another,  although  just  how 
and  in  what  ways  may  long  remain  a  subject  of  dispute. 

With  window  glass  industry  in  shop  or  office  can  go  on  without  a 
break  caused  by  the  weather,  and  what  is  of  still  greater  consequence, 
without  the  long  winter  hiatus  during  which  bright  thoughts  could 
be  forgotten  and  the  best  of  intentions  could  fade  away.  Most  of  our 
industries  of  today  depend  upon  steady  continuity  for  their  exist- 
ence, and  without  a  guarantee  of  continuity  it  would  be  folly  to  start 
many  of  them.  If  bad  days  in  summer  could  stop  them  and  the  long 
cold  of  winter  interrupt  them,  few  of  them  could  be  run  profitably  at 
all  and  none  of  them  attain  to  anything  comparable  to  their  modern 
magnitude. 

With  window  glass  man  leaves  his  outdoor  or  semi-outdoor  activity 
and  becomes  a  modern  industrial  worker  or  office  server.  AVith  a 
sturdy  foundation  of  outdoor  health  behind  him  he  may  not  notice 
ill  effects  of  degenerating  muscles  or  dust-clogged  respiratory  tracts, 
and  he  may  pass  on  to  his  offspring  for  two  or  three  generations  a 
vigorous  heredity.  This  sturdy  heredity  came  from  thousands  of 
generations,  literally  millions  of  years  of  outdoor  life  of  the  most 
strenuous  sort.  From  time  immemorial  man  had  lived  the  kind  of 
life  which  developed  strength  and  hardiness,  on  the  one  hand,  while, 
on  the  other,  it  weeded  out  weakness.  The  heritage  of  the  ages  is 
not  lost  over  night,  yet  already  we  note  inroads  into  the  health  and 
vigor  of  the  people.  Industries  indeed  evolved  prodigiously,  but 
"advance  in  civilization"  is  not  necessarily  human  evolution. 

How  then  is  window  glass  a  prime  factor  in  human  evolution? 
First,  it  changes  man's  environment  and  changes  his  field  of  thought. 
Secondly,  it  alters  the  temperature  and  humidity  of  his  environment. 
Thirdly,  it  gives  him  air  of  a  different  quality  and  composition  to 
breathe.  Fourthly,  it  compels  him  to  inhale  fine  dust  constantly. 
Fifthly,  it  removes  out-door  activity  from  all  women  and  most  men 
in  "up-to-date"  communities.  Sixthly,  the  germ  content  of  the  air 
in  confined  buildings  is  greater  than  normal,  especially  so  in  times 
when  colds  and  other  infectious  diseases  abound.  The  more  frequent 
illnesses  result  in  impaired  health  and  reduced  vigor.  The  inferior 
air  also  reduces  vitality.  The  inhaled  dust  clogs  minute  bronchioles 
and  alveoli  of  the  lungs,  causing  thousands  of  cells  to  toil  constantly 
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to  ingest  foreign  and  insoluble  particles.  The  muscular  degeneration 
consequent  to  the  changed  manner  of  life  will  make  its  permanent 
change  in  the  race  of  tomorrow;  so  will  the  reduced  vitality  resulting 
fronAhe  causes  just  mentioned.  So  also  will  the  complete  artificiality 
of  thought  and  surroundings.  The  man  of  the  future  will  be  just 
as  surely  altered  by  these  things  as  is  the  parasite  altered  by  the 
environment  in  which  it  lives.  Whether  by  direct  and  cumulative 
effect  upon  the  organism,  or  whether  by  indirect  selective  agencies 
of  one  sort  or  another,  environment  in  time  makes  all  things  new. 
Great  care  should  be  given  to  the  kind  of  life  we  lead,  and  to  the 
kind  of  factors  which  we  allow  our  neAV  discoveries  and  our  new 
"civilization"  to  load  upon  us,  lest  we  become  the  slaves  and  dupes 
of  our  enlightenment,  even  as  the  parasitic  worm  is  the  dupe  of  his 
unfortunate  host.  Great  care  should  be  given  to  the  subject  of  win- 
dow glass,  that  we  may  see  to  it  that  we  reap  the  blessings  it  brings 
with  it  and  avoid  the  bane.  See,  also.  Glass,  p.  5392,  Vol.  VII  of  this 
Encyclopedia. 

Window-mirror.  A  mirror  so  fastened  outside  a  windoAV  that  persons 
beneath  it  may  be  seen  from  the  interior  of  the  room. 

Windsor,  John.  A  distinguished  Yorkshire  botanist,  surgeon,  gyne- 
cologist, and  ophthalmologist.  Born  in  1787  at  Lettle,  Yorkshire,  he 
studied  in  London  at  St.  Thomas's  and  Guy's,  and  in  1812  became 
M.R.C.S.  (Eng.).  After  further  study  at  Edinburgh  and  London, 
he  settled  in  Manchester,  where  he  was  soon  appointed  surgeon  at 
the  Manchester  Eye  Hospital,  a  position  Avhich  he  held  for  more  than 
40  years.  In  addition  to  a  number  of  articles  on  gynecologic  subjects, 
he  wrote  on  tumors  of  the  lid  and  eyeball,  ptosis,  argyrosis  and 
plumbism  palpebrarum,  etc.    Windsor  died  Sept.  1,  1868. —  (T.  H.  S.) 

Windsor,  Thomas.  A  Manchester,  Eng.,  ophthalmologist,  who  was 
born  in  1841  and  who  died  April  13,  1910.  He  was,  at  various  times, 
editor  of  the  ''Ophthalmic  Review/'  surgeon  to  the  Manchester  Eye 
Hospital,  ophthalmic  surgeon  to  the  Manchester  Royal  Infirmary 
and  lecturer  on  ophthalmology  at  the  Owens  College.  He  was  a  very 
eccentric  man,  but  kind  and  magnanimous.  He  left  property  ap- 
praised at  £38,162.  In  his  will  was  this  provision:  "I  direct  my 
executors  to  spend  as  little  as  they  reasonably  can  on  my  funeral.  I 
wish  no  one  to  be  invited  and  no  notice  of  my  death  to  be  inserted 
in  the  newspapers.  I  wish  to  be  cremated,  but  no  extra  expense  is 
to  be  incurred."  To  his  housekeeper,  Miss  Lily  Hargrave,  he  left, 
according  to  the  Ophthalmoscope  for  July,  1910,  "£2,000,  £250  a  year, 
500  books,  and  other  effects."     His  residuary  estate,  which  will  ap- 
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parently  amount  to  about  £25,000,  he  directed  should  be  used  as  a 
fund  for  the  relief  of  suffering,  stating  that  nothing  should  be  given 
to  any  hospital,  medical  institution,  church,  or  charity  subject  to 
any  particular  religious  body. —  (T.  H.  S.) 

Wines.  Vina.  Medicated  ivines  form  a  class  of  liquid  preparations  in 
which  white  wine  is  used  as  a  menstruum.  They  are  all  freely  miscible 
in  water  and  in  alcohol  and  although  quite  similar  to  tinctures  are 
not  so  strongly  alcoholic.  The  oplithalmologist  is  mostly  interested  in 
vinum  opii  (q.  v.). 

Wine  was  employed  in  ancient  Greco-Roman  ophthalmology  chiefly 
as  a  menstruum.  It  Avas  also  regarded,  however,  as  a  very  active 
ophthalmic  medicament.  Thus,  the  juice  of  unripe  grapes,  called 
omphacium,  was  highly  esteemed  as  a  remedy  for  trachoma  ("rough 
spots  upon  the  eyelids").  Wine  vinegar,  also,  according  to  Pliny, 
was  a  strengthener  of  the  eyes.  Falernian  wine,  according  to  the 
same  authority,  "is  productive  of  injury  to  the  sight";  but,  in  gen- 
eral, wine,  if  used  in  moderation,  was  esteemed  by  the  ancient  Greeks 
and  Romans  as  a  clarifier  and  strengthener  of  the  vision.  The  harm- 
ful effects  upon  the  eyes  of  the  excessive  use  of  wine,  was  a  matter, 
then  as  now,  of  common  observation. —  (T.  H.  S.) 

Wing  test.     See  p.  4688,  A^ol.  VI  of  this  Encyclopedia. 

Winkel.     (G.)     Angle. 

Winking-.    See  Nictitation,  p.  8371,  Vol.  XI  of  this  Encuclopedia. 

Winking  centre.  The  reflex  centre  for  -winking,  in  the  medulla  ob- 
longata. 

Winking,  Jaw — .  In  addition  to  the  matter  under  Jaw-winking  and  on 
p.  649,  Vol.  I  of  this  Encyclopedia,  it  may  be  added  here  that  the  fol- 
lowing revieAvs  of  this  curious  phenomenon  are  from  the  Am.  Journ. 
of  Ophihalm.,  Oct.,  1918. 

In  the  ease  reported  by  Demaria  and  Caldora  in  Avhich,  during 
rest,  a  slight  ptosis  existed  of  the  right  eye,  this  anomaly  disappeared 
and  even  left  exposed  a  part  of  the  sclera  above  the  cornea,  when  the 
inferior  maxilla  was  drawn  downward  in  mastication.  The  elevation 
of  the  upper  lid  attained  its  maximum  when  the  jaw  was  moved 
laterally  in  the  direction  opposite  that  of  the  affected  eye.  The  other 
ocular  muscles  were  normal  though  the  pupil  was  larger  than  that  of 
the  other  eye.  The  most  general  opinion  of  the  cause  of  this  condi- 
tion is  that  the  nucleus  of  the  oculomotor  is  eongenitally  related  to  the 
trigeminus  and  even  the  facial.  Lutz,  however,  opposes  this  view  and 
thinks  that  the  anomaly  must  be  referred  to  the  subcortical  center. 
On  the  ground  of  the  anisocoria  observed  in  their  case,  the  reporters 
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believe  that  the  cause  must  reside  in  the  cortical  centers,  near  the 
lower  part  of  the  frontal  convolutions,  which  are  probably  connected 
by  Meynert's  U  fibers. 

In  Holloway  's  case  of  a  woman  aged  44,  there  was  a  history  of  dis- 
tinct drooping  and  retraction  of  the  right  lid  at  times,  or  as  the 
patient  expressed  it,  "she  Avinked  when  she  ate."  This  was  first 
noted  by  her  mother  whcji  she  was  a  nursing  infant.  AVhile  the  pal- 
pebral fissure  measured  91/2  mm.,  she  stated  that  at  times  the  right 
upper  lid  drooped.  The  eyes  fixed  well  in  various  positions,  except 
above  the  horizontal  plane,  when  the  right  eye  diverged.  There  was 
a  suggestion  of  lagging  in  the  upward  rotation  of  the  right  eye. 
Upon  Idoking  downward  the  right  upper  lid  failed  to  follow  the  globe 
to  the  same  extent  as  the  left  upper  lid.  Upon  attempts  at  chewing, 
there  was  retraction  upward  of  the  left  upper  lid,  accentuated  upon 
labial  movements  of  the  jaw.  This  retraction  was  excessively  marked 
Avhen  the  patient  looked  down;  and  but  slight  when  she  looked  up- 
ward. The  diplopia  fields  indicated  paresis  of  the  right  superior 
rectus.     The  eyes  Avere  otherwise  normal. 

In  Kleinhans's  case  with  complete  congenital  ptosis  of  the  right  lid, 
upon  opening  the  mouth  the  lid  shot  up.  Lateral  movements  of  the 
jaw  had  no  effect  upon  the  lid.  There  was  insufficiency  of  the  right 
superior  and  internal  recti,  no  fundus  changes,  and  vision  in  each 
eye  was  normal. 

Menaclio  observed  retraction  of  the  upper  lid  associated  with  low- 
ering of  the  lower  jaw,  but  not  Avitli  its  lateral  movements,  as  in 
most  of  the  cases  published,  in  a  healthy  young  woman  presenting 
simply  a  slight  enlargement  of  the  thyroid,  without  any  of  the  otlier 
symptoms  of  Graves'  disease;  the  association  was  first  noticed  when 
the  patient  was  12  years  of  age.  How  may  we  explain  the  connection 
between  the  third  and  fifth  nerves,  in  this  case,  acquired  and  not  con- 
genital? The  writer  believes  an  exclusively  anatomic  explanation  of 
this  phenomenon  to  be  unjustified.  He  argues  that  a  close  relation- 
ship exists  between  the  functions  of  the  cranial  nerves — a  relation 
which  may  be  attributed  to  connections  situated  at  the  nuclei  of  origin, 
between  the  subcortical  centers,  or  in  the  cortex  itself.  These  paths 
of  communication,  regarding  whose  precise  course  physiology  and 
anatomy  have  still  something  to  clear  up,  may  be  functionally  inter- 
fered with,  either  by  inhibition  or  irritation ;  this  hypothesis  explains 
provisionally  the  phenomena  presented  by  this  case.  A  purely  ana- 
tomic hypothesis  would  be  quite  justifiable  if  the  condition  had  been 
congenital  but  meets  with  an  insuperable  objection  where  it  is  ac- 
quired. 
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In  Schirmer's  case  a  healthy  man  aged  28  years  developed  a  left- 
sided  facial  paralysis  seven  months  before;  after  four  months  slow 
but  continuous  improvement  began.  Recovery  perfect  except  for  a 
slight  weakness  of  all  the  muscles  innervated  by  the  seventh  nerve. 
For  more  than  three  months,  every  movement  of  the  left  cheek,  in 
laughing  and  chewing,  Avas  accompanied  by  partial  closure  of  the  left 
eyelids.  Spontaneous  contractions  of  the  left  orbicularis  were  not 
present.  The  reporter  thinks  that  these  associated  movements  are 
due  to  the  fact  that  from  the  central  stump  of  the  facial  nerve,  fibers 
which  were  meant  for  the  muscles  of  the  cheek  have  grown  into  the 
orbicularis  muscle.  Every  intended  movement  of  the  cheek  will 
therefore  be  accompanied  by  contraction  of  the  lid  muscle.  This  ex- 
planation was  first  given  by  Lipschitz. 

Gonne  observed  a  case  which  he  considers  to  be  an  instance  which 
has  hitherto  been  described  in  the  Italian  literature  alone  under  the 
title  "ptosi  bilancia" — balance  ptosis.  The  patient  was  an  adult 
male,  the  subject  of  lues,  who  developed  ptosis  of  the  left  eye,  and 
the  left  eyeball  showed  a  slight  divergent  strabismus.  The  inward 
rotation  of  this  ej^eball  was  impaired,  but  other  extraocular  move- 
ments of  both  eyes  were  normal.  The  right  pupil  reacted  promptly 
to  light,  the  left  sluggishly.  When  he  closed  the  right  eye,  the  left 
upper  lid  raised  without  effort,  and  the  eye  was  opened  to  almost  the 
full  extent.  "With  the  right  eye  opened  the  left  could  not  be  raised 
at  all.  There  was  no  facial  palsy  or  asymmetry,  and  the  tongue  was 
protruded  straight  and  showed  no  atrophy. 

There  were  a  number  of  other  neurologic  sj-mptoms  of  syphilis  of 
the  nervous  system,  a  positive  Wassermann  reaction  in  the  spinal 
fluid.  Well  marked  disseminated  choroiditis,  probably  specific,  was 
also  present.  The  case  evidently  showed  incomplete  paralysis  of  the 
left  third  cranial  nerve,  manifesting  itself  as  balance  ptosis.  It  is 
quite  similar  to  the  case  of  ''ptosi  bilancia"  reported  by  Artum  in 
II  Polyclinico  PracUca,  1913,  in  which  the  diagnosis  of  syphilitic 
basilar  meningitis  Avas  made.  The  same  symptom  was  reported  by 
Pacetti  in  three  cases  of  tabes  and  taboparesis.  In  none  of  these  cases 
was  the  spinal  fluid  examined. 

This  peculiar  type  of  ptosis  may  be  looked  upon  as  a  sign  of  syphilis 
of  the  central  nervous  system.  It  might  be  thought  to  be  due  to  the 
reflex  action  on  the  part  of  the  patient  to  prevent  diplopia,  but  one 
objection  to  this  view  is  that  in  a  reflex  closure  of  the  eye,  there  is 
spasm  of  the  orbicularis  palpebrarum,  which  is  not  supplied  by  the 
third  nerve,  but  by  the  facial.     There  was  no  indication  of  facial 
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spasm  in  this  case.     Anotlier  objection  is  that  although  diplopia  is 
common,  a  balance  ptosis  is  extremely  rare. 

In  the  discussion  of  this  paper,  Clay  advanced  the  plausible  ex- 
planation, that  the  paretic  left  lid  could  be  raised  when  the  right  eye 
was  closed  by  reason  of  an  increase  of  nerve  supply  to  the  partially 
])aralyzed  levator.  This  was  the  original  explanation  also  of  Pacetti, 
thougli  tliis  hypothesis  involves  a  theory  of  the  relations  of  the  oculo- 
motor nuclei  which  is  not  altogether  clear,  as  observed  by  Camp  in  the 
course  of  the  same  discussion. 

Winking,  Reflex.  Keflex  blinking.  The  "reaction -time"  is  the 
period  that  elapses  after  light  or  other  stimulus  has  occurred  until  a 
movement  is  made.  The  time  of  the  reflex  act  of  winking  is,  accord- 
ing to  Exner,  about  0.06  second. 

Liepmann  and  Levinsohn  {OpUh.  Year-Book,  p.  290,  1913)  report 
two  cases  of  complete  blindness  following  apoplexy,  one  of  which  re- 
tained the  winking  reflex  to  light  stimulation,  while  the  other  did 
not.  In  each  case  there  were  two  strokes,  in  one  of  which  the  right 
optic  radiations  were  broken  through,  while  in  the  other  the  calcarine 
area  was  destroyed.  The  pupillary  reflex  was  retained  in  both  cases. 
In  the  patient  who  retained  the  winking  reflex  a  typical  closure  of 
the  lids  was  had  with  relatively  weak  illumination.  Liepmann  refers 
to  previous  animal  experiments,  in  which  abolition  of  the  winking 
reflex  was  produced  by  destruction  of  the  external  geniculate  body, 
or  of  the  centriped  lid  fibers  situated  in  the  depth  of  the  anterior 
corpus  quadrigeminum. 

Winslow,  Jakob  Benignus.  One  of  the  greatest  anatomists  of  all  time. 
Born  in  Denmark,  April  2,  1669,  he  studied  at  first  theology,  but 
was  led  to  medicine  later  through  association  with  one  of  his  youth- 
ful friends,  a  medical  student.  In  the  course  of  his  professional 
studies,  he  was  given  financial  assistance  by  the  King  of  Denmark 
until  the  young  Winslow  became  a  Catholic.  He  was  graduated  in 
1705  at  Paris.  Here  he  settled  and  soon  became  a  Fellow  of  the 
Academy  of  Science  and  a  Professor  of  Anatomy.  After  many  long 
years  as  a  teacher  and  investigator,  he  died  April  3,  1760,  aged  91. 

Many  parts  of  the  human  body  are  called  today  by  the  name  of 
this  great  anatomist — 'C.  g.,  foramen  Winslowii. 

His  most  important  work  was  entitled  "Anatomical  Exposition  of 
the  Structure  of  the  Human  Body"  (3  vols.,  Paris,  1732;  numerous 
later  editions  and  translations).  Other  books  of  Winslow 's  were: 
"Observations  on  the  Fibers  of  the  Heart  and  on  the  Valves,  with  the 
Manner  of  Preparing  them  for  Demonstrations"  (Paris,  1711)  ;  "De- 
scription of  a  Singular  Valve  in  the  Vena  Cava  and  a  New  Idea  on 
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the  Famous  Question  of  the  Foramen  Ovale"  (Paris,  1717)  :    "Light 
upon  the  Circulation  of  the  Blooclin  the  Foetus"  (Paris,  1725). 

Regarding  his  ophthalmic  writings,  Winslow,  among  other  obser- 
vations, took  the  position  that  the  iris  is  convex  forward,  and  that 
this  eonvexit.v  increases  as  the  pupil  narrows,  and  diminishes  as  it 
widens.  This  is  due,  for  the  most  part,  to  the  fact  tliat  it  lies  and 
glides  upon  the  surface  of  the  lens. 

He  was  also  the  first  to  point  out  that  the  center  of  the  pupil  does 
not  lie  precisely  opposite  the  center  of  the  cornea,  but  a  little  to  its 
inner  side. 

In  1721  AVinslow  proposed  that  the  word,  "iris,"  be  applied  to 
the  structure  which,  today,  bears  that  name  universally.  Until  that 
time,  the  part  in  question  had  been  known  as  the  "uvea."  The  word, 
"iris,"  had  been  employed  as  an  oplitlialmo-anatomical  term  before 
the  days  of  Winslow.  It  was  used  by  Galen,  for  example,  to  signify 
the  "ciliarj^  body,"  and,  by  Rufus,  for  the  anterior  surface  of  what 
today  is  called  the  "iris."— (T.  H.  S.) 

Winter  bloom.     See  Hamamelis,  p.  5691,  Vol.  YIII  of  this  Enci/clopecUa. 

Wintergreen.  Checkerberry.  Teaberry.  The  leaves  of  Gaultheria 
procumheus  furnish  a  fragrant  volatile  oil  containing  much  methyl 
salicylate.  This  oil  is  a  favorite  in  the  treatment  of  "rheumatic" 
complaints  in  doses  of  8  to  10  minims.  As  in  the  case  of  other 
salicyl  preparations  it  has  been  charged  with  the  production  of  sud- 
den blindness. 

Winther,  Ludwig  Franz  Alexander.  A  celel)rated  surgeon  of  Giessen, 
Germany,  of  considerable  ophthalmologic  importance.  Born  at  Of- 
fenbach-on-the-Main,  Mar.  9,  1812,  the  son  of  a  well-known  military 
surgeon,  he  received  his  professional  degree  at  Giessen  in  1837.  Al- 
most immediately  he  was  made  assistant  to  Balser  at  the  Giessen 
Medico-Ophthalmologic  Hospital.  In  1841  he  studied  at  Paris  and 
Vienna,  and,  returning  to  Giessen,  qualified  as  privatdocent  there  in 
1842.  In  1848  he  was  made  extraordinary,  and  in  1867  ordinary, 
professor  of  pathology  and  pathological  anatomy.  For  a  number  of 
j'ears  he  delivered  a  special  course  of  lectures  on  ophthalmic  opera- 
tions.    He  died  April  26,  1871. 

Aside  from  works  of  a  general  character,  he  wrote :  1.  Unter- 
suchungen  iiher  den  Ban  der  Hornhaut  und  eles  Fliigelfelles.  (Gies- 
sen, 1856.)  2.  Lehrhuch  der  Augenkcilkunde.  (Giessen,  1859.)  3. 
Experimentalstud'ien  iiher  die. Pathologic  des  FlUgelfelles.  (Erlangen, 
1866.)  — (T.  H.  S.) 

Wire  micrometer.  A  micrometer  of  which  the  field  is  traversed  by 
fine  wires,  arranged  in  parallel  and  intersecting  series. 
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Wire  optometer.  Von  Graefe's  optometer.  See  p.  9101,  Vol.  XII  of 
this  Encyclopedia. 

Wirklicher  Brennpunkt.     (G.)    Real  focus. 

Wise  and  Illustrious,  The.     See  Avenzoar. 

Witch  hazel,  Extract  of.  See  Aqua  hamamelidis,  p.  543,  Vol.  I,  and 
p.  5691,  Vol.  VIII  of  this  Encyclopedia. 

Withania  somnifera.  A  plant  recommended  as  a  hypnotic ;  it  is  nearly 
rchited  to  Atiopa  hcJladonno. 

Witness,  The  ophthalmic  expert.  See  Legal  relations  of  ophthal- 
mology, first  third  of  the  section. 

Witt,  Gisbert  de.  An  Amsterdam  surgeon  of  the  later  18th  century, 
who  wrote  an  unimportant  work  on  the  cataract  operation.  This 
brochure  of  130  pages  was  entitled  "  V ergleichung  der  VerscMedenen 
Methoden  den  Star  Anszuziehen"  (Giessen,  1775).— (T.  H.  S.) 

Wittelsbach,  Carl  Theodore,  Duke  of  Bavaria.  A  member  of  the  royal 
family  of  Bavaria,  who  became  a  world-renowned  ophthalmologist. 
Born  Aug.  9,  1839,  at  Possenhofen,  the  second  son  of  Duke  Max  of 
Bavaria,  he  was  also  a  relative  of  the  "mad  King  of  Bavaria"  (who 
committed  suicide  by  drowning  in  a  lake),  brother  of  the  Empress 
of  Austria  (who  was  assassinated  at  Geneva),  and  uncle  of  the  Austrian 
Crown  Prince  (who  died  under  mysterious  circumstances).  At  first 
he  served  in  the  Bavarian  artillery,  but  later  he  began  to  study  medi- 
cine in  spite  of  the  "well-nigh  insuperable  difficulties  thrown  in  his 
way  by  his  family,  who  did  not  regard  medicine  as  a  profession  suit- 
able for  a  Grand  Duke."*  He  studied  at  Mentone,  at  Ziirich,  and 
at  Munich,  at  the  last-named  institution  receiving  the  honorary 
degree  of  M.  D.  in  1872.  Eight  years  later,  a  special  decree  was  issued 
by  the  imperial  chancellor,  Bismarck,  granting  to  the  Duke  the  right 
to  practice  medicine. 

He  then  settled  as  ophthalmologist  at  Tegernsee,  in  the  Bavarian 
Alps,  and  was  at  once  successful,  in  the  highest  meaning  of  the 
word.  Despite,  however,  his  crowded  "Ducal  clinic,"  he  spent  two 
months  each  year,  from  1880  till  1888,  in  special  study  at  Vienna. 
His  first  wife,  Sophia,  a  daughter  of  King  John  of  Saxony,  having 
died  some  years  before  (about  the  time  when  he  first  began  to  study 
medicine)  he  took  as  his  second  consort  (in  1874)  Maria  Jusepha,  of 
Portugal,  a  Princess  of  Braganza— a  most  estimable  lady,  who,  like 
her  husband,  became  enthusiastic  about  medicine,  and  was,  for  a 
long  time,  his  chief  assistant.  At  the  "Ducal  clinic"  thousands  on 
thousands  of  the  poor  w^ere  treated,  fed  and  housed  gratuitously,  and, 

^.■u'!^°^  ^^^l.^^  ".^'"   ^^^^  *^^   ^"^6'   "are   soldiers,   whose   business   it  is   to 
Kill,  that  It  is  high  time  some  of  us  took  to  curing." 
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ill  addition,  very  ofteii  sent  away  with  a  little  purse  of  money.  Alto- 
gether, "Diike  Caii"  is  said  to  have  performed  more  than  7,000 
cataract  extractions. 

The  Duke  was  honored,  as  a  matter  of  course,  in  very  many  ways, 
but,  in  spite  of  his  royal  rank  and  high  social  prestige,  he  was  truly 
deserving  of  all  the  honors  which  were  conferred  upon  him.  When 
the  Kaiser's  eye  was  injured  by  a  rope  on  the  royal  yacht,  the  Hoheii- 
zollern,  Duke  Carl  was  made  the  attendant  in  the  case.  Honorary 
degrees  were  conferred  upon  him  by  the  universities  of  Louvain  and 
Brussels,  and  by  other  universities.  The  Duke  was  a  man  of  great 
personal  influence,  or  "magnetism,"  and  had  the  happy  faculty  of 
inspiring  almost  all  who  came  within  his  presence  with  an  over- 
whelming enthusiasm  for  the  healing  art.  To  this  fortunate  faculty 
it  is  that  the  Medical  School  of  Harvard  University  owes  the  Lowell 
devise — lands  left  to  this  institution  by  a  Miss  Lowell,  a  milliner  in 
Best  on,  who  had  been  a  patient  of  Dulvc  Carl's. 

This  truly  ' '  noble  Duke, ' '  after  a  life  of  charity  and  mercy  toward 
others,  entered  into  rest  Nov.  30,  1909.  He  was  buried  in  the  castle 
church  at  Tegernsee.  The  cause  of  the  death  was  chronic  Bright 's 
disease. 

Among  the  more  important  writings  of  Duke  Carl,  we  may  men- 
tion :  1.  Untersuchungen  liber  die  Anhaufung  Weisser  Blutkorper  in 
der  Hirnrinde.  (Virchow's  Aixhiv,  LXIX.)  2.  Ueber  den-  Einfluss 
der  Temperatur  der  Umgebenden  Luft  auf  die  Kohlensaureausschei- 
dung  und  die  Sauerstoffaufnahme  bei  einer  Katze.  {Z.  f.  Bid.,  XIV.) 
3.  Beitrage  zur  Anatomic  und  Pathologic  des  Glaskorpers.  {Arch,  fiir 
Ophthalmologie,  XV.)  4.  Ein  Beitrag  zur  PaiJiologischen  Anatomic 
des  Auges  hei  Niercnlciden.  (With  12  illustrations,  Wiesbaden,  1887.) 
5.  Beitrag  zur  Cauistik  der  Orhitedtiunorcn.  (Munich,  1886.) — (T. 
H.  S.) 
Wodan.  (In  Southern  Germany,  Odin.)  In  old  Germanic  mythology, 
the  great  Allfather  in  general,  and  the  god  of  battles  in  particular. 
He  was  armed  with  his  war-spear  Guiignir,  which  seems  to  have  been 
identified  with  the  lightning  flash.  AVagner:  "He  gave  his  eye  in 
pledge  to  the  wise  giant,  Mimir,  at  Mimir's  Well,  for  a  draught  of 
primeval  wisdom." — (T.  H.  S.) 
Woerde,  Nicaise  de.  A  famous  blind  priest.  See  Werde,  Nicaise  de. 
Wohlfartia  magnifica.  The  larva  of  this  fly  is  most  frequently  re- 
sponsible for  "fly-blown"  orbit.  See  Orbit,  Myasis  of  the,  pp.  9145 
and  9350,  Vol.  XII  of  this  Encyclopedia. 

Awad  Barsoum  (Bull.  Ophthalm.  Soc.  of  Egypt,  p.  64,  1917;  abst. 
Br.   Journ.    Ophthalm.,  p.   379,   Aug.,   1919)    refers  to   the  account 
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(1915)  of  Azci-  Wahba,  detailed  in  the  sections  just  referred  to.  Bar- 
scum  describes  three  other  cases,  also  in  children.  The  larvae  removed 
from  Barsoum's  cases  were  sent  to  Dr.  Lewis  Gough,  who  bred  from 
them  a  sarcophagidal  fly  identified  as  Wohlfartia  magnifica  Schin- 
ner,  which  is  said  never  to  enter  houses.  On  the  other  hand,  in 
Wahba 's  cases  the  condition  was  due  to  Cordylobia  anthropophaga. 
Briefly,  the  details  of  Barsoum's  cases  are  as  follows:  1.  A  child 
of  two  years  was  aifected  with  sloughing  and  much  swelling  of  the 
lids  of  one  eye.  The  condition  gave  rise  to  a  most  offensive  odor,  and 
"larvtii  dropped  from  the  region  of  the  eye  as  the  child  walked  through 
the  out-patient  shelter."  One  hundred  Avorms  Avere  taken  away.  The 
mesial  halves  of  both  lids  were  destroyed.  There  Avas  a  large  pocket, 
packed  Avith  Avorms,  betAveen  the  eyeball  and  the  nose,  and  tAVO  other 
pockets,  also  filled  Avith  larva',  Avere  found,  one  on  the  upper  aspect 
and  the  other  on  the  outer  side  of  the  globe.  The  condition  was 
treated  by  constant  bathing  Avith  sublimate  (1  in  5,000)  and  by 
fomentations  of  potassium  permanganate  (1  in  4,000).  On  the  sec- 
ond day,  the  eyeball  Avas  eviscerated,  and  large  maggots  Avere  re- 
moved from  behind  the  globe.  Child  died  on  the  third  day.  No 
autopsy.  2.  A  child,  aged  one  year,  had  a  notch,  about  7.5  mm.  in 
diameter,  near  the  inner  eanthus  of  the  right  upper  lid,  from  Avhich 
five  AA'orms  Avere  picked  and  tAVO  others  Avere  found  free  in  the  con- 
junctival sac.  RecoA-ery.  3.  A  child  of  three  years  shoAA'ed  ulcera- 
tion of  the  left  orbital  region  near  the  outer  eanthus,  and  from  this 
three  pockets  full  of  larA'fe  extended,  one  toAvards  the  loAA'cr  lid,  a 
second  toAA'ards  the  temple,  and  a  third  toAA-ards  the  inner  eanthus. 
Recovery. 

Wolf.  The  dung  of  the  AA'olf  Avas  often  used  for  * '  sutf usio, ' '  as  cataract 
Avas  called  by  the  ancient  Roman  physicians.  Wolf-grease,  further- 
more, Avas  employed  as  a  salve  in  blepharitis  marginalis. —  (T.  H.  S.) 

Wolfe  graft.  8ee  Grafting,  p.  5628,  Vol.  VII;  also  Plastics,  p.  10255, 
Vol.  VIII  of  tliis  Encyclopedia. 

Wolfe,  John  Reissberg-.  A  celebrated  German-Scotch  ophthalmologist, 
inventor  of  Wolfe's  refracting  ophthalmoscope.  Born  at  Breslau, 
Germany,  in  1825,  he  received  the  degree  of  M.  D.  at  GlasgoAv  Uni- 
versity in  1856.  During  the  Sicilian  campaign  he  served  for  a  time 
as  surgeon  to  Garibaldi.  Returning  to  Scotland,  he  Avas  appointed 
ophthalmic  surgeon  to  the  Royal  Infirmary,  Aberdeen.  Removing 
thence  to  GlasgoAv,  he  founded  the  GlasgOAv  Ophthalmic  Institute, 
and  Avas  the  first  professor  of  ophthalmology  at  St.  Mungo  's  Medical 
School,  GlasgoAv.  At  the  age  of  78  (i.  e.,  in  1893)  he  emigrated  to 
Australia,  Avhere  he  remained  for  about  eight  years,   during  Avhich 
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time  he  was  surgeon-oculist  to  the  Governor  of  Victoria,  Lord  Hope- 
toun.  Returning  to  Glasgow  about  1901,  he  lived  there  in  retire- 
ment until  his  death  in  1905. 

Wolfe's  main  ophthalmic  writing  Avas,  "O/i  Diseases  and  Injuries 
of  the  Eye:  A  Course  of  Systematie  and  Climcal  Lectures."  (p. 
452,  London,  1882.)— (T.  H.  S.) 

Wolffberg,  Test-type  of.     See  Test  chart. 

Wolff -Eisner  reaction.  See  Calmette's  ophthalmo-tuberculin  reaction, 
p.  1361,  Vol.  II  of  this  Encyclopedia. 

Wolff,  Philipp  Heinrich.  A  well-known  German  poet,  otologist  and 
oplithalmnlogist.  Born  at  Berlin,  May  2,  1813,  he  studied  at  Berlin 
and  Bonn,  at  the  latter  institution  receiving  his  degree  in  1836.  He 
is  sometimes  said  to  have  invented  subcutaneous  tenotomy  for  strabis- 
mus. The  honor,  however,  belongs  to  J.  Guerin.  Wolff  was  merely 
the  first  to  perform  this  operation  with  scissors,  instead  of  with 
Guerin 's  knife. 

AVolff  died  Nov.  6,  1886. 

In  addition  to  works  on  general  medicine  and  otology,  he  wrote 
"Neuc  MetJiode  des  Schielanges  durch  Sulycutane  Tenotomie"  (Berlin 
1840).  At  a  writer  of  poetry  he  employed  the  pseudonym,  Ernet 
^VaUer.  He  composed  a  very  large  number  of  poems,  many  of  which 
were  tragedies. —  (T.  H.  S.) 

Wolfram.    See  Tungsten. 

Wolfskirsche.     (G.)     Belladonna. 

Wollaston's  prism.  A  double-image  prism  (q.  v.),  in  which  the  emerg- 
ent rays  are  equally  deviated  on  opposite  sides  of  the  normal  at  the 
point  of  incidence.  It  consists  of  two  right-angled  prisms  of  calcite 
(q.  v.),  or  quartz,  cemented  together  so  as  to  form  a  prism  of  rec- 
tangular section,  in  which  the  optic  axis  of  the  first  prism  is  parallel 
to  the  incident  face,  and  in  which  respect  only  it  differs  from  Rochon's 
prism  (q.  v.).  Hence,  it  is  Rochon's  prism  turned  through  a  right 
angle  when  exposed  to  incidence. —  (C.  F.  P.) 

Wollaston,  William  Hyde  (1766-1828).  English  chemist  and  physicist, 
born  in  East  Dereham,  Norfolk.  Starting  practise  as  a  physician,  he 
subsequently  devoted  himself  wholly  to  science.  His  researches  were 
pre-eminently  fruitful  in  the  departments  of  chemistry  and  optics. 
Amongst  his  important  discoveries  were  two  new  metals,  palladium 
(1804)  and  rhodium  (1805).  By  his  ingenious  method  of  rendering 
platinum  malleable  he  made  $150,000 ;  and  some  other  practical  dis- 
coveries were  also  highly  lucrative,  such  as  the  method  of  drawing 
very  fine  wires. 

His   contributions   to    optics    were    the    reflecting    goniometer,    the 
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camera  lucida,  the  discovery  of  the  dark  lines  in  the  solar  spectrum, 
and  of  the  invisible  rays  beyond  the  violet,  and  an  immensity  of 
valuable  observations  on  single  and  double  refraction.  He  did  much 
to  establish  the  wave  theory  of  light. 

See  his  thirty-nine  memoirs  in  the  Philosophical  Transactions 
(1809-29),  and  a  sketch  of  his  life  in  George  Wilson's  Religio  Chemici 
( 1 862 ) .—  ( Standard  EncyclojJcdia. ) 
Women,  Diseases  of.  The  ocular  relations  of  diseases  peculiar  to  the 
female  sex  are  discussed  under  various  headings;  for  example, 
Climateric;  Menopause;  Pregnancy;  Menstruation;  Lactation; 
Uterine;  Ovarian,  etc. 
Wood  alcohol.  See  Alcohol,  Methyl,  p.  214,  Vol.  I;  Conservation 
of  vision,  p.  3253,  Vol.  V ;  p.  2510,  Vol.  IV,  as  well  as  under  Toxic 
amblyopia. 

In  addition  to  this  material  it  may  here  be  added  that  an  example 
of  unilateral  retrobulbar  neuritis  from  wood  alcohol  poisoning  is 
reported  by  H.  W.  Cowper  {Ophthal.  Record,  September,  1916).  The 
patient  was  a  woman,  aged  35,  w4io  had  been  an  alcoholic  for  years. 
About  the  end  of  February,  1916,  she  drank  wood  alcohol.  Over  a 
period  of  two  weeks  she  took  a  "couple  of  swallows"  on  five  or  six 
occasions,  thinking  it  was  gin.  There  was  no  doubt  as  to  its  having 
been  wood  alcohol.  On  the  day  after  she  took  the  last  "swallow" 
she  became  Aveak,  dizzy,  and  of  uncertain  gait,  and  that  evening  there 
was  a  violent  attack  of  vomiting.  The  next  three  days  she  was  con- 
fined to  her  bed  and  seemed  so  ill  tliat  her  friends  had  the  last  rites 
of  her  church  administered  to  her.  A  few  hours  after  the  attack  of 
vomiting  she  first  noticed  disturbance  of  her  left  vision.  She  de- 
scribes it  as  though  black  strips  were  in  front  of  the  eye.  Very  soon 
this  was  folloAved  by  definite  blurring.  After  a  few  days  the  vision 
improved,  but  the  improvement  lasted  only  a  short  time  when  the 
vision  again  became  worse.  Her  right  eye  was  never  subjectively 
affected.  There  never  were  acute  abdominal  symptoms  such  as  violent 
pain  or  diarrhea. 

Cowper  saw  her  for  the  first  time  in  this  present  illness  on  April 
18,  1916.  K.  V.  was  20/20,  L.  V.  20/200.  Pupils  were  equal  and 
active.  Ophthalmoscopic  examination  was  negative  except  that  the 
temporal  half  of  the  left  nerve  was  paler  than  that  of  the  right.  Dur- 
ing the  next  two  or  three  weeks  the  atrophy  became  well  marked  and 
the  vision  diminished  to  countinp^  fingers  at  three  feet.  The  fields 
taken  three  months  after  the  rjisoning  showed  in  the  right  no  ab- 
normality except  possibly  slight  contraction  of  the  blue  and  red.  In 
the  left  there  was  no  contraction  of  the  white  but  a  definite  concen- 
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trie  contraction  for  the  colors  and  a  scotoma  extending  from  the  fixa- 
tion point  to  the  blind  spot.  Upward  and  inward  the  scotoma  ex- 
tended not  at  all  beyond  the  fixation  point  while  downward  it  went 
five  degrees  and  outward  fifteen.  The  scotoma  was  absolute.  Fields 
were  taken  in  a  moderately  bright  light  with  one  centimeter  square 
colors.  Fields  for  yellow  and  green  were  not  taken,  but  it  was  deter- 
mined that  there  was  no  central  scotoma  for  green  in  the  right.  Urine 
examinations  were  negative  as  also  one  AVassermann.  A  nasal  ex- 
amination was  made  for  the  especial  purpose  of  excluding  if  possible 
sinus  trouble,  but  no  abnormal  condition  was  found. 

The  writer  had  examined  reports  of  over  200  cases  of  wood  alcohol 
amblyopia  and  there  was  not  one  in  which  one  eye  escaped.  This 
case  is  possibly  unique  in  that  respect  and  consequently  worth  re- 
porting. 

In  many  of  the  cases  reported  one  eye  was  more  seriously  damaged 
than  the  other.  Any  explanation  accounting  for  this  selective  action 
would  apply  equally  well  to  such  a  case  as  the  above. 

G.  V.  A.  Birch-Hirschfeld  {Med.  Klinik,  Feb.  27,  1916)  has  given 
a  full  account  of  the  damage  to  the  ocular  apparatus  by  the  ingestion 
of  methyl  alcohol,  in  an  article  reviewed  in  the  Journ.  Am.  Med. 
Assoc,  April  22,  1916. 

The  writer  says  that  quite  a  number  of  cases  of  methyl  alcohol 
poisoning  have  occurred  recently  in  soldiers,  and  not  infrequently  it 
has  entailed  severe  and  permanent  injury  of  the  eyesight.  He  has 
compiled  a  total  of  235  cases,  not  including  those  that  terminated 
fatally  before  the  eyes  were  examined.  He  refers  to  the  163  cases  of 
poisoning  fi'om  methyl  alcohol  at  the  Berlin  municipal  lodging  house, 
when  seventy-two  persons  died  and  four  were  left  permanently  blind. 
This  experience  is  recalled  to  show  the  difficulty  of  differentiating  the 
trouble,  as  the  sj'mptoms  were  ascribed  to  meat  poisoning  at  first. 
A  number  of  lives  would  have  been  saved  if  the  true  cause  had  been 
suspected  earlier.  He  reports  two  cases  of  blindness  from  this  cause 
he  has  recently  encountered,  in  one  case  proving  permanent.  In  the 
other  ease  vision  improved  to  6/18  and  the  fundus  findings  grew 
normal.  Patillo  has  described  two  cases  in  which  blindness  came  on 
four  or  fourteen  days  after  varnishing  the  inside  of  beer  casks  with 
varnish  dissolved  in  methyl  alcohol.  Inhalation  of  the  fumes  was 
evidently  responsible  in  these  cases,  and  Hirschfeld  thinks  this  was 
a  factor  in  the  cases  attributed  by  Wood  and  Buller  to  absorption 
through  the  skin.  Tlie  symptoms  do  not  develop  until  after  several 
hours  or  days,  and  then  involve  the  digestive  apparatus,  with  nausea, 
dizziness,   vomiting   and   headache,   progressing   rapidly   to   delirium 
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and  convulsions.  Usually  vision  becomes  impaired  before  tbe  general 
symptoms  mask  the  clinical  picture.  The  dilated  rigid  pupil  sug- 
gests impending  trouble.  If  the  ophthalmoscope  reveals  optic  neuritis, 
this  is  a  clue  to  the  diagnosis,  but  it  has  no  pathognomonic  features. 
At  the  same  time,  methyl  alcohol  poisoning  should  always  be  sus- 
pected when,  along  with  gastro-intestinal  symptoms  suggesting  poi- 
soning, severe  disturbance  in  vision  develops  suddenly,  with  central 
absolute  scotoma  and  contraction  of  the  peripheral  field  of  vision,  and 
the  ophthalmoscope  shows  optic  neuritis.  The  contraction  of  the 
peripheral  field  of  vision  usually  subsides  soon,  but  the  scotoma  may 
persist  a  long  time.  The  prognosis,  he  thinks,  can  be  estimated  from 
comparison  of  the  findings  in  the  visual  field  and  fundus,  and  the 
visual  acuity  for  a  few  weeks.  So  long  as  the  visual  field  keeps 
enlarging,  the  process  of  recuperation  is  not  ended,  as  also  when 
the  absolute  scotoma  changes  to  a  relative.  Even  in  the  niildest 
cases,  more  or  less  impairment  of  vision  is  entailed,  resembling 
the  symptoms  of  chronic  alcohol-tobacco  amblyopia.  Disturbances 
in  vision  from  quinin,  atoxyl  and  arsacetin  are  by  limitation 
of  the  visual  field,  central  vision  persisting  good.  With  meat  and 
fish  poisoning  the  eye  is  affected  by  paralysis  of  the  muscles.  Male 
fern  amaurosis  alone  seems  to  present  the  same  symptoms  as  those 
from  methyl  alcohol.  The  ophthalmoscopic  findings  with  uncompli- 
cated uremic  amaurosis  are  normal.  He  regards  the  fate  of  the  eyes 
with  methyl  alcohol  amaurosis  as  usually  sealed  by  the  time  the  pa- 
tient reaches  the  physician,  and  is  very  pessimistic  as  to  benefit  from 
any  measures  in  treatment.  The  main  point  is  to  recognize  its  nature 
promptly  and  ward  off  similar  injury  to  others  that  may  be  exposed. 
Promptly  seeking  out  the  source  and  energetic  measures  may  avert 
much  further  harm.  The  methyl  alcohol  induces  rapid  degeneration  of 
the  nervous  apparatus  of  the  eye,  affecting  the  cones  of  the  retina 
more  than  the  rods,  the  same  as  ethyl  alcohol,  nicotin,  thyroidin  and 
carbon  bisulphide,  while  atoxyl  and  allied  substances  affect  the  rods 
while  sparing  the  cones.  There  is  nothing  to  indicate  inflammatory 
infiltration  in  either  type. 

In  this  country,  in  spite  of  the  efforts  of  State  and  Federal  authori- 
ties in  conjunction  with  the  endeavors  of  national  societies  for  the 
])revention  of  blindness  to  prevent  the  potable  use  of  wood  alcohol 
preparations,  deaths  and  blindness  from  this  poison  still  continue. 
Until  the  authorities  see  their  way  clear  to  prohibiting  the  general  sale 
of  Columbian  Spirits  and  similar  poisonous  preparations  of  methyl 
alcohol,  both  wholesale  and  retail  parcels  of  this  agent  should  at 
least  bear  a  conspicuous  poison  label. 
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It  seems  strange  tliat  the  laity  still  persist  in  buying  and  using  a 
deadly  poison,  when  an  innocuous  substitute,  namely,  industrial  al- 
cohol, Avhich  answers  every  purpose  of  the  lethal  Columbian  Spirits, 
can  be  had  just  as  .easily  and,  as  a  rule,  more  cheaply. 

As  an  illustration  of  the  wood  alcohol  intoxications  generally  going 
on  in  this  country,  the  following  extract  from  a  local  newspaper  has 
been  sent  the  Editor  by  Dr.  E.  C.  Ellett,  of  Memphis,  Tenn.  In  this 
case  the  substitution  of  Avood  alcohol  for  ethyl  alcohol  as  a  bay  rum 
solvent  was  the  cause  of  the  tragedy. 

"Conway,  Ark.,  March  31.  (8pl.)  1916.— Two  men  are  dead  and 
one  is  dying  in  a  local  hospital  as  the  result  of  a  night  orgy  in  bone 
dry  territory  in  which  bay  rum  played  the  principal  part,  a  quart  of 
the  poison  having  been  consumed  by  the  three  at  a  party  in  Andy 
Francis'  barber  shop.  The  dead  are  Homer  Lewellyn  and  Orfie 
Douglas,  both  chauffeurs. 

The  third  member  of  the  party  is  Andy  Francis,  the  host,  who, 
according  to  physicians,  has  practically  no  chance  for  recovery.  He 
rallies  at  intervals  and  then  collapses,  and  news  of  his  serious  con- 
dition has  not  been  communicated  to  his  wife. 

Lewellyn  Avas  the  first  of  the  two  to  succumb  to  the  fatal  effects  of 
the  Avood  alcohol,  Avhich,  it  is  said,  had  been  ordered  by  Francis  for 
the  party.  It  is  understood  that  a  half  dozen  Avere  in  the  barber 
shop  Avhen  the  drinking  began,  but  so  far  only  four  are  knoAvn  to  have 
suft'ered  ill  effects,  the  other  members  having  quit  the  party  Avithout 
drinking. 

LeAvellyn  and  Douglas  Avere  found  in  a  critical  condition.  They 
never  regained  consciousness.  Accidents  kept  tAvo  other  men  AA'ho  had 
been  invited  from  attending  the  feast.  Substitution  of  Avood  alcohol 
for  grain  alcohol  in  the  composition  of  the  bay  rum  is  given  by 
physicians  as  the  cause  of  the  tragedy." 

A  report  from  the  Illinois  SocietA^  for  the  Prevention  of  Blindness 
says  that  the  Wood  Alcohol  Bill,  presented  by  the  Hon.  Wm.  G.  Thon 
to  the  Legislature  of  tlie  State  of  Illinois  and  to  Avhicli  the  Society 
added  an  Amendment  requiring  that  all  forms  of  Avood  alcohol,  and 
substances  containing  Avood  alcohol  be  labeled  "Poison"  Avith  skull 
and  cross  bones,  Avas  allowed  to  become  a  hiAV  (1917)  witliout  tlie 
signature  of  the  governor. 
Wood's  filter.  See  Dazzling,  of,  p.  3778,  Vol.  IV  of  this  Encijclopedia. 
Woodward,  Julius  Hayden.  A  Avell-known  ophthalmologist  of  Burling- 
ton, Vt.,  and  of  Ncav  York  City.  Born  at  Castleton,  Yt.,  May  31, 
1858,  son  of  a  physician,  Adrian  Theodore  W.,  and  Lois  Cornelia 
(June)  W.,  lie  received  the  degi-ee  of  Bachelor  of  Science  at  Cornell 
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University  in  1879,  that  of  Doctor  of  Medicine  at  Columbia  in  1882, 
and  the  ad  eundem  at  the  University  of  Vermont  in  the  same  year. 

From  1884-89  he  practised  at  Brandon,  Vt.,  then  removed  to  Bur- 
lington, and,  eight  years  later,  to  New  York  City. 

He  was  professor  of  laryngology  at  the  University  of  Vermont 
Scliool  of  Medicine  in  1886,  of  materia  medica  and  therapeutics  from 
1887-94,  and  of  the  eye,  ear,  nose  and  throat  from  1890-97.  In  1908 
he  was  elected  professor  of  ophthalmology  at  the  New  York  Post 
Graduate  Medical  School  and  Hospital,  and  became  the  head  of  the 
department  in  the  same  institution  in  1913.  Both  of  these  positions 
lie  held  until  his  death.  He  was  a  felloAv  of  the  New  York  Academy 
of  Medicine,  a  member  of  the  American  Academy  of  Ophthalmology 
and  Oto-Laryngology,  and  a  life  member  of  the  Societe  Francaise 
d'Ophtalmologie,  Paris. 

Woodward  wrote  a  considerable  number  of  ophthalmic  articles,  the 
most  important  of  which  is  "Vision  and  Audition  in  Their  Medico- 
Legal  Relations"  (Witthaus  and  Becker's  "Medical  Jurisprudence, 
Forensic  Medicine  and  Toxicology,"  1896). 

Dr.  Woodward  was  an  athlete,  and  a  member  of  the  New  York 
Athletic  and  Campfire  clubs.  He  died  at  his  home,  200  W.  58th  St., 
New  York  City,  July  2,  1916.— (T.  H.  S.) 
Woodyatt,  Wm.  H.  One  of  the  best-known  and  most  successful  opera- 
tors among  the  early  ophthalmic  surgeons  in  Chicago.  Born  in  1846, 
he  graduated  from  the  Cleveland  Homeopathic  Medical  School  about 
1866.  He  then  spent  two  years  in  New  York  in  attendance  upon 
the  various  eye  and  ear  clinics,  and  was  a  student  under  Herman 
Knapp  for  most  of  the  time  at  the  New  York  Ophthalmic  and  Aural 
Institute.  He  also  graduated  from  the  New  York  Homeopathic  Oph- 
thalmic College.  Settling  in  Chicago  in  the  early  part  of  1870,  he 
almost  at  once  acquired  a  large  practice.  He  gave  a  good  deal  of  his 
time  to  the  teaching  of  ophthalmology  and  otology  in  Hahnemann 
College  until  about  1874.  Then,  with  Dr.  Charles  Adams  and  others, 
he  formed  the  Chicago  Homeopathic  College,  in  which  he  worked  and 
taught  until  his  death  on  the  31st  of  Januaiy,  1880. 

Having  the  advantage  of  a  preparation  in  the  best  colleges  of  both 
systems  of  medicine  and  having  been  endowed  with  unusual  quali- 
ties, Dr.  Woodyatt  was  known  far  and  wide  and  was  regarded  as 
one  of  the  most  reliable  diagnosticians  and  operators  in  the  west. — 
(T.  H.  S.) 

Wool-fat,  Hydrous.     See  Lanolin,  p.  7011,  Vol.  IX  of  this  Encyclo- 
pedia. 
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Woolhouse,  John  Thomas.  A  celebrated  ophthalmologist  of  the  late 
17th  and  early  18th  centuries,  and  one  of  the  greatest  charlatans  of 
all  time.  He  was  born  in  England  about  1750,  the  son  of  an  oph- 
thalmologist, studied  at  Oxford,  Cambridge  and  at  several  of  the 
medical  centers  of  continental  Europe.  He  became  oculist  to  James  II, 
and  followed  this  king  into  exile  at  Paris  in  1788.  In  Paris  he  prac- 
tised ophthalmology  for  many  years,  acquired  an  extensive  clientele, 
and  became  not  only  a  skillful  operator  and  renowned  teacher,  but  a 
quack  of  the  deepest  dye.  For  example,  he  boasted  of  having  secret 
medicines  and  operations  which  he  taught  to  an  inner  circle  of  his 
students  for  a  large  financial  consideration.  A  few  of  his  secret 
procedures  he  kept  entirely  to  himself.  He  acquired  considerable 
celebrity  by  his  bitter  opposition  to  "the  new  doctrine  concerning 
cataract,"  recently  propounded,  (and  at  length  successfully  defended) 
by  both  the  young  Brisseau  and  the  older  Maitre  Jan.  The  new 
doctrine  was  that  a  cataract  consists  of  an  opacity  of  the  crystalline 
lens,  and  not  of  a  "thickened  humor,"  or  "membrane,"  in  a  (purely 
imaginary)  cataract-space  between  the  pupil  and  the  lens. 

Woolhouse 's  most  important  compositions  are:  1.  Experiences  des 
Differentes  Operations  Manuelles  et  des  Guerisons  Specifiques  qu'U  a 
Pratiqnees  aux  Yetix.  (Paris,  1711.)  2.  Diss.  Savantes  et  Cistiqucs 
sur  la  Cataracte  et  le  Glaucome.  (Paris,  1717.)  3.  Avis  de  M.  de 
Woolhouse  sur  une  Nouvelle  Aig^iille  a  Cataracte  qn'il  a  Inventee  et 
par  le  Moyen  de  laquelle  il  Ahat  Facilement  Toute  Cataracte  Adh4- 
herenie  du  Cote  de  la  Tempe.  (Paris,  1720.)  Memoire  Communique 
sur  la  Quantite  d'Humeur  Aqueuse  Contenue  dans  Chacune  des  Deux 
Chambres  Comprises  entre  la  Cornee  et  Je  Cristallin.  {Jour,  des 
Savants,  1720.) 

Late  in  life  he  returned  to  England,  where  he  died  in  1730. —  (T. 
H.  S.) 

Woolsorter's  disease.  Anthrax.  See  p.  512,  Vol.  I  of  this  Encyclo- 
pedia. 

Woorali.     Woorara.     Same  as  curare. 

Woorara.    Curare. 

Word-blindness.  Verbal  amnesia.  See  p.  1198,  Vol.  II;  also  Visual 
aphasia;  Alexia;  Agraphia,  also.  Amnesia,  and  similar  captions  in 
this  Encyclopedia.  Here  it  may  be  said,  in  addition,  that,  of  the 
earlier  reports  of  this  disease,  Peters  {Oph.  Year-Book,  p.  268,  1909) 
has  recorded  a  case  of  congenital  word-blindness.  The  patient  was 
a  boy  of  12,  who  had  been  kept  4  years  in  the  same  grade  with  diffi- 
culties of  reading.     In  another  boy  of  11,   a  case  of  microcephalic 
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idiocy,  Peters  discovered  something  of  the  same  defect.     He  thinks 
that  \t  may  frequently  occnr  wliere  other  congenital  deficiencies  tend 

to  mask  it. 

A  peculiar  case  of  mind-blindness  is  reported  by  Bielschowsky.  The 
vision  in  one  eye  was  normal.  In  the  other  2/5  with  hyperopic  astig- 
mia.  Objects  could  not  be  recognized.  There  was  disturbance  in  the 
perception  of  depth,  and  micropsia.  Bielschowsky  thought  that  double 
hemianopsia  could  be  excluded. 

Russell  reports  a  case  of  fatal  abscess  in  the  angular  gyrus  and 
posterior  part  of  the  first  temporal  convolution  causing  alexia,  word- 
blindness,  some  object-blindness  and  partial  word-deafness. 

Pritchard  in  1912  records  a  case  of  intermittent  word-blindness. 
A  boy  of  eight  years  was  retarded  wholly  by  inability  to  learn  visual 
reading.  Tested  on  four  dift'erent  occasions  he  never  recognized  more 
than  one  or  two  letters  in  the  alphabet.  But  his  teachers,  and  a  sister 
who  taught  him  at  home,  stated  that  at  times  he  could  recognize  all 
the  letters  and  read  quite  intelligently.  Such  lucid  moments  occurred 
once  or  twice  a  week.  He  had  normal  vision  and  could  read  Arabi.j 
numerals  correctly.  The  character  of  his  condition  appeared  to  be 
allied  to  neurasthenia  or  psycho-asthenia. 

J.  Hinshelwod  {Lancet,  Aug.  17,  1912)  discusses  the  treatment  of 
both  acquired  and  congenital  word-blindness.  He  believes  that  the 
old  idea  that  nothing  can  be  done  for  the  education  of  persons  suffer- 
ing from  these  serious  defects  is  wrong,  and  that  much  can  be  done 
if  the  treatment  is  conducted  on  proper  lines.  Pure  cases  of  acquired 
word-blindness  almost  always  come  to  the  ophthalmic  surgeon  in  the 
first  instance,  as  it  is  supposed  that  the  defect  lies  in  the  eyes.  The 
lesion,  however,  is  either  in  the  brain,  in  the  angular  gyrus  itself,  or 
it  is  due  to  the  interruption  of  the  communicating  fibers  between  it 
and  the  ganglia.    In  right-handed  people  the  lesion  is  on  the  left  side. 

The  writer  relates  the  case  of  a  man,  aged  58  years,  who  awoke 
one  morning  with  the  power  of  reading  quite  lost.  He  had  right 
lateral  homonymous  hemianopsia,  but  no  other  symptoms  were  dis- 
coverable. He  started  to  reeducate  himself,  learning  letters  and 
words  like  a  child.  After  six  months  he  was  able  to  recognize  the 
letters  of  the  alphabet,  but  never  learned  to  read  words  by  sight.  He 
could  read  only  by  spelling  words  out  letter  by  letter  and  thus  stim- 
ulating his  auditory  memory.  After  a  year,  he  gave  it  up  as  hope- 
less; still  he  had  reacquired  the  visual  memory  of  the  letters  and  of 
a  few  short  words. 

Another  patient  was  a  woman,  aged  34  years,  who  had  1)een  com- 
pletely word-   and   letter-blind   for   fourteen   months;    slie   liad    right 
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homonymous  hemianopsia.  A  schoolmaster  took  great  interest  in  her 
reeducation.  It  was  found  that  the  effort  of  education  was  very  great, 
and  could  not  be  continued  for  more  than  10  minutes  at  a  time. 
Ultimately  she  learned  to  read  simple  Bible  texts  by  spelling  out  the 
words.  Her  progress  had  been  steady  but  slow  from  that  point  of 
attainment ;  but  after  an  interval  of  ten  years  she  could  read  a  news- 
paper fairly  fluently,  only  occasionally  she  was  compelled  to  spell 
words. 

The  third  ease  was  that  of  a  girl,  aged  14  years,  who  had  had  right- 
sided  paralysis  and  loss  of  speech  18  months  before.  Previously  she 
had  been  a  good  reader.  When  first  seen  she  was  completely  letter - 
blind  and  had  right  homonymous  hemianopsia.  Her  auditory  memory 
was  unaffected.  Reeducation  was  started.  After  learning  the  alpha- 
bet she  was  allowed  to  spell  out  words  letter  by  letter.  In  four  months 
she  had  made  considerable  progress  and  could  recognize  any  letter  and 
many  small  words.  Longer  words  she  had  to  spell  so  as  to  get  the 
aid  of  her  ear.  Two  years  later  she  eould  read  as  well  as  ever  but 
the  hemianopsia  persisted. 

Age  evidently  is  a  very  important  factor  in  the  ability  with  which 
the  patients  are  able  to  regain  their  lost  powers.  The  cause  in  all 
these  cases  is  cerebral  hemorrhage.  In  such  cases  the  process  of  re- 
education .should  be  delayed  until  all  signs  of  acute  brain  symptoms 
have  disappeared.  In  such  cases  it  can  be  accomplished  only  by 
bringing  into  play  the  corresponding  center  on  the  other  side  of  the 
brain.  From  these  cases  of  acquired  Avord-blindness  and  the  expe- 
rience of  reeducation  both  in  these  and  in  congenital  cases  neither  the 
old  system  nor  that  known  as  the  "look-and-say "  method  is  suitable 
for  all  cases.  A  gceat  deal  depends  upon  the  degree  of  defect  in  the 
visual  memory,  and  upon  the  condition  of  tlie  auditory  memory. 
When  the  visual  memory  is  very  defective  and  the  auditory  good, 
then  the  old  system  will  give  the  best  results;  but  when  the  auditory 
is  not  good  the  best  results  may  be  obtained  by  the  "look-and-say" 
sj'stem.  Lastly,  personal  teaching  is  necessary  in  all  cases,  and  a 
number  of  short  reading  lessons  during  the  day  is  betler  than  one 
long  one.  for  the  brain  rapidly  becomes  exhausted. 

Chance  (1!)13)  has  reported  two  cases,  both  of  deve:(>])niental  woi'd- 
blindness.  Each  patient  had  normal  visual  acuity.  Although  the 
first  patient,  a  young  man  of  18  years,  had  attended  school  since 
his  fifth  or  sixth  year  and  was  of  good  general  intelligence,  he  could 
only  read  simple  words  with  a  good  deal  of  effort.  Yet  he  read  off 
long  rows  of  figures  without  the  slightest  hesitation,  giving  their 
significance  as  total  sums  even  into  the  tens  of  billions.     The  second 
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patient,  a  boy  of  9  years,  was  equally  deficient  in  spelling,  but  was 
an  expert  in  mental  arithmetic,  although  the  sight  of  figures,  as  well 
as  of  letters,  irritated  him.  Neither  patient  had  any  considerable 
refractive  error. 

I^Iore  recently,  T.  II.  Whipham  {OphtJudmoscope,  Jan.,  1916)  ex- 
amined the  records  of  about  sixty-four  cases  of  congenital  word-  and 
letter-blindness  and  considers  that  alexia  congenita  is  more  common 
than  is  usually  supposed.  It  is  more  prevalent  in  boys  than  in  girls, 
the  ratio  being  forty-seven  to  seventeen.  More  than  one  member  of  a 
family  may  be  affected.  The  writer  records  the  history  of  one  case  in 
a  healthy  girl  of  8,  whose  intelligence  was  moderately  good,  although 
perhaps  a  little  below  the  iKjrmal  standard.  Her  chief  difficulty  was 
with  letters,  both  in  reading  and  spelling.  She  had  difficulty  with 
words  even  of  two  letters.  "At"  would  at  times  be  written  "ta,'' 
and  "dog,"  "gdo."  She  could  write  her  christian  and  surname 
together,  Init  not  separately.  Writing  from  transcription,  she  made 
curious  mistakes,  c.  g.,  "transcriptino,"  "copy  writino."  She  had 
no  word-deafness.  Her  sight  was  good,  and  there  was  no  hemianopsia 
or  nystagmus.  The  Wassermann  reaction  was  positive.  The  author 
expresses  the  opinion  that  the  lesion  may  have  been  syphilitic,  and 
situated  around  the  posterior  extremity  of  the  fissure  of  Sylvius. 
The  visual  Avord  and  letter  center  is  in  the  left  supramarginal  and 
angular  convolutions.  It  is  difficult  to  explain  why  the  right  side 
does  not  take  on  the  functions.  The  outlook  is  not  quite  hopeless; 
improvement  may  l)e  expected  Avitli  systematic  and  sympathetic 
training. 

In  a  case  described  by  Gordon  (Oph.  Y ear-Book,  p.  246,  1916) 
verbal  amnesia  and  alexia  developed  individually  after  attacks  of 
unconsciousness.  Later  on,  paraphasia  and  paragraphia  appeared.  Not 
until  two  months  after  the  first  attack  did  a  choked  disk  and  retinal 
hemorrhages  make  themselves  manifest.  On  operation,  a  glioma  was 
found  in  the  left  lateral  portions  of  the  first  and  second  temporal 
gyrus,  angular  gyx'us,  and  occipital  lobe. 

R.  Schrock  {Klin.  Monatshl.  f.  Augcnhcilk.,  Feb.,  1915;  abst.  Oph- 
ihdmoscope,  p.  203,  Apr.,  1916)  says  that  the  first  complete  accounts 
of  word-blindness  were  given  by  British  authors.  Morgan  had 
originally  expressed  the  belief,  eonfiraied  by  subsequent  investiga- 
tion, that  the  cojidition  was  the  result  of  a  development  defect,  and 
to  Sydney  Stephenson  belongs  the  credit  of  having  pointed  out  that 
it  may  show  a  familial  incidence.  The  first  case  fully  reported  in 
German  literature  Avas  that  given  by  Peters  in  1908. 
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The  writer  gives  au  account  of  live  cases,  three  of  which  are  in 
every  respect  typical. 

Most  cases  of  word-blindness,  Schrock  points  out,  come  under  the 
care  of  oculists,  since  their  teachers  or  guardians,  naturally  enough, 
think  that  they  are  suffering  from  some  ocular  defect.  It  is  an  inter- 
esting fact  that,  even  since  the  publication  of  Peters'  case,  very  few 
cases  have  been  reported  in  Germany,  and  a  good  many  more  in 
England.  Schrock  attributes  this  to  the  difficulty  of  learning  to 
read  the  English  language,  owing  to  its  non-phonetic  spelling,  ren- 
dering the  discovery  of  the  defect  more  certain.  He  nevertheless 
believes  that  the  number  of  cases  is  no  greater  in  one  country  than  in 
the  other. 

With  regard  to  etiology,  Schrock  believes  that  nothing  has  negatived 
the  original  suggestion  of  Morgan,  that  it  is  due  to  an  aplasia  of 
cerebral  tissue  in  the  region  of  the  angidar  gyrus.  Fisher  saw  three 
cases  due  to  cerebral  hemorrhage  during  birth,  but  the  diagnosis  was 
purelj'  clinical,  and  not  based  on  iDathological  findings.  Although 
Ringer  may,  on  theoretical  grounds,  be  correct  in  stating  that  con- 
genital word-blindness  is  a  minimal  form  of  idiocy,  the  author  holds 
that  it  would  be  very  wise  to  stigmatize  these  cases  by  the  intro- 
duction of  such  a  term.  Several  attempts  have  been  made  to  find  a 
more  correct  name  than  "word-blindness,"  but,  whatever  may  be  its 
drawbacks,  this  name  has  probably  come  to  stay. 

A  comparison  of  all  the  published  cases  shows  that  they  present 
a  series  of  defects  of  varying  intensity,  from  those  in  which  apparently 
there  is  only  a  slight  diminution  of  the  nervous  elements,  the  teach- 
able class,  to  cases  of  absolute  and  irremediable  defect.  There  is  also 
an  interesting  group  in  which  the  defect  is  intermittent. 

Weber  (Brit.  Jour.,  Dis.  Child.,  p.  176,  1918)  describes  a  case — a 
boy  of  ten.  There  was  the  usual  ability  to  recognize  Arabic  numerals, 
but  an  extreme  backw'ardness  in  arithmetic.  The  patient  had  learned 
to  write  and  to  recognize  his  own  name.  There  was  no  w^ord-deafness 
and  no  aphasia.  The  eyes  were  normal  and  the  patient  was  not  color- 
blind. His  mother  had  been  somewhat  backward  in  learning  to  read 
as  a  child.  The  patient's  brother  was  not  word-  or  letter-blind.  The 
Wassermann  reaction  was  positive  in  the  mother  and  in  the'  two 
children,  and  the  father  had  died  at  the  age  of  thirty-seven  years  in 
a  lunatic  asylum.  Apart  from  the  w^ord-blindness  the  boy  seemed 
intellectually  almost  normal.  In  another  case  described  by  Weber, 
the  boy  had  apparently  had  a  relatively  mild  attack  of  cerebrospinal 
meningitis  or  of  acute  encephalitis  at  the  age  of  two  years.     The 
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<V„naoT  prol>.blv  tlius  rosulting  to  the  cerebral  cortical  speech  center. 
Ind  resulted  for  a  number  of  years  in  partial  aphasia  and  dysarthria. 
Recovery  finally  occurred,  this  being  attributed  by  Weber  to  a  gradual 
process  of  compensation  and  reeducation.  ,   ,    r.   i    r  ;    ^o^a^ 

Billstrihn  {Svfmk.  Lak.  IlandL,  p.  571,  1918 ;  abst.,  Oph.  Lit.,  1918) 
had  an  arteriosclerosis,  who  six  .veeks  before  coming  into  the  hospital 
liad  had  a  short  apoplectic  seizure.  The  cerebral  symptoms  ^vere  a 
.voneral  psychic  torpidity,  complete  verbal  alexia,  partial  literal  alexia, 
inability  to  form  Avnrds  out  of  letters,  to  read  what  he  had  written, 
and  inability  to  copy  what  was  written.  The  ability  to  write  spon- 
taneously from  dictation  was  retained.  Death  occurred  a  month  later. 
Post-mortem  examination  showed  softening  of  the  angular  gyrus  of 
the  left  side  of  the  brain. 

Several  cases  of  developmental  alexia  or  congenital  word-blindness 
are  related  by  Heitmuller.  Two  of  the  patients  had  letter-  and  word- 
blindness,  while  the  other  two  knew  the  alphabet  but  could  not  read 
or  spell  words  of  more  than  one  syllable. 

Schrock   {Klin.  MonatsU.  f.  AugcnJieilk.,  March,   1915)    correctly 
assigns  the  description  of  the  first  cases  to  James  Kerr  (Howard  Prize 
Essay  of  the  Royal  Statistical  Society,  June,  1896,  and  Lancet,  May 
19,  1900,  p.  1,446),  and  alludes  to  other  cases  by  Morgan    (1896), 
Hinshelwood,  Nettleship,  Wernicke  (1903),  Lechner  (1903),  Stephen- 
son  (1904),  Bruner  (1905),  Thomas   (1905),  Schapringer,  Claiborne 
(1906),   Variot   and  Lecompte    (1906),    Fisher    (1915),    and   others. 
Until  1908  in  Germany  the  condition  had  not  received  the  attention 
it  deserved.    Peters  then  drew  attention  to  congenital  word-blindness. 
Word-dumbness.    Visual  anomia.    In  this  condition  the  patient  is  un- 
able to  name  by  sight  an  object  with  which  he  is  familiar.    The  object 
is  given  a  wrong  name.    If  the  eyes  are  closed,  the  object  may  be  rec- 
ognized by  touch  or  by  other  senses.     It  has  been  caused  by  lesions 
situated  in  various  parts  of  the  zone  of  speech.     See  Visual  aphasia, 
and  Visual  anomia. 
Wordsworth,  John  Cawood.     A  well-known  English  military  surgeon 
and  ophthalmologist.     Born  in  1823,  he  studied  at  first  with  John 
Jesse  in  Manchester,  then  at  the  London  Hospital.     Because  of  fail- 
ing health  he  removed  to  St.  Kitts,  British  West  Indies,  where  he 
practised  for  three  years.     Returning  to  London,  he  was  appointed 
in  1849  demonstrator  of  anatomy  and  assistant  surgeon  at  the  Lon- 
don Hospital,  and  in  1852  surgeon  at  Moorfields.    In  1852  he  entered 
the  English  army  as  volunteer  physician,  and  sem'ed  at  Smyrna  and 
Sebastopol.     Returning  to  London,  he  began  in  1859  to  devote  him- 
self exclusively  to  ophthalmology,  and  for  31  years  was  engaged  in 
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active  work  at  Moorfields.  In  1870  his  health  l^egaii  to  fail  again, 
and  in  1883  he  resigned  his  Moorfields  position.  Three  years  later 
he  died. 

Wordsworth  wrote  no  book,  bnt  a  nnniher  of  articles  which  chiefly 
appear  in  the  Ophthalmic  Hospital  Reports.  He  also  wrote  "On  the 
Value  of  the  Ophthalmoscope"  (Mrd.  Times  and  Gazette,  Apr.  9, 
1859).— (T.  H.  S.) 

Worker  ants.  Worker  or  laborer  ants,  being  "cave-dwellers,"  have 
either  no  eyes  or  mere  vestiges  of  these  organs.  See  Ants,  Vision  of, 
in  the  Appendix  to  this  Encyclopedia. 

Working  distance.  (1)  The  distance  (generally  one-third  of  a  meter) 
from  the  eyes  at  which  an  individual  ordinarily  uses  his  eyes — at 
his  usual  occupation.  (2)  A  term  used  specialty  with  reference  to 
microscope  objectives,  to  denote  the  distance  between  the  front  focal 
or  object  plane  and  the  first  lens  surface. 

Workman's  compensation  for  damaged  eyesight.  See  Legal  relations 
of  ophthalmology,  in  the  last  third  of  the  section;  also,  Visual 
economics. 

Workshops  for  the  blind.    See  Blind,  Institutions  for  the. 

Worm-like  movements  of  the  pupil.  See  end  of  section  on  Pupil  in 
health  and  disease. 

Worms,  Eyes  of.     See  p.  2538,  Vol.  IV  of  this  Encyclopedia. 

Worsted  test.  See  Holmgren  yarn  test  for  color-blindness,  p.  2448. 
Vol.  IV  of  this  Encyclopedia. 

Worth's  amblyoscope.  See  p.  306,  Vol.  I,  as  well  as  under  Strabismus; 
Muscles,  Ocular;  and  the  various  Fusion  and  Stereoscope  headings 
in  this  Encyclopedia-. 

Recently,  an  electrical  attachment,  suggested  by  H.  H.  Cunning- 
ham, has  been  fitted  to  the  standard  Worth  amblyoscope.  It  permits 
either  of  the  two  lamps  used  to  illuminate  the  pictures  to  be  indi- 
vidually dimmed  or  brightened  without  affecting  the  otlier.  This  con- 
venience is  of  considerably  more  value  to  the  surgeon  than  a  sj'stem 
whereby  as  one  lamp  is  brightened  the  other  automatically  becomes 
dim,  as  it  enables  him  to  give  the  instrument  to  a  patient  and  always 
have  the  pictures  brilliantly  and  evenly  illuminated,  no  matter  Avhat 
conditions  of  light  or  sliade  prevail  at  the  time.  The  switchboard  is 
of  simple  design,  consisting  only  of  a  rheostat  with  two  sliding  con- 
tacts working  one  on  each  side,  and  three  pairs  of  terminals — one  pair 
for  battery,  and  the  remaining  pair  for  the  lamps.  The  electrical 
fittings  are  detachable  and  are  fitted  to  the  amblyoscope  by  sliding 
them  on  in  place  of  the  ordinary  picture  carriers. 

The  electrical  fittings  have  a  picture  carrier  with  spring  release  in- 
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eorporated  with  them,  so  that  the  amblyoscope  can  be  used  either  with 
01-  without  electrical  illumination  at  will.  The  standard  lamps  sup- 
plied are  4  volt,  but  other  voltages  may  be  fitted  to  order.  See  the 
illustration. 
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Electrical  Attachment  for  the  Worth  Amblyoscope.     (Cunningham.) 


Wounds  of  the  eye.    See  Injuries  of  the  eye ;  as  well  as  Military  sur- 
gery of  the  eye;  War,  Ophthalmic  medicine  and  surgery  in;  and 

other  injuries  of  ocular  organs  and  parts. 
Wright,  Halstead  Robert.    A  young  American  ophthalmologist  of  great 
promise.    Born  at  Coshocton,  Ohio,  May  20,  1875,  he  removed  to  Co- 
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lumbus  with  his  father's  family  iu  18S0.  He  graduated  iu  dentistry  at 
the  University  of  Ohio  in  1895,  but  after  a  brief  period  of  dental 
practice,  took  up  the  study  of  medicine  in  the  same  university,  where 
he  received  the  medical  degree  in  1910. 

He  then  located  for  practice  in  Columbus,  becoming  a  partner  with 
his  father.  He  was,  from  1910  till  1917,  instructor  in  physiology  and 
pathology  at  his  alma  mater.  He  invented  a  number  of  ophthalmic 
instruments,  and  contributed  to  '^Tke  OpJithaknic  Record"  a  num- 
ber of  ophthalmologic  articles,  among  which  may  be  mentioned  the 
following :  ' '  The  use  of  the  Snare  as  the  final  Step  in  the  Enuclea- 
tion of  the  Eye";  "A  New  Method  of  Preparing  an  Eye  for  Micro- 
scopic Sections";  "A  Rare  Intraocular  Tumor"  and  "A  Rare  Tuber- 
cular Condition  of  the  Eye." 

Wright  was  a  large,  robust  man,  smooth  faced,  of  fair  complexion, 
with  dark-brown  eyes  and  hair.  He  was  very  serious  in  manner  as 
a  rule,  but  enjoyed  an  occasional  joke.  He  was  very  fond  of  fishing. 
He  became  a  captain  in  the  Medical  Service  of  the  Army,  and  died  at 
Camp  Greenleaf,  Georgia,  Oct.  17,  1918,  sur^dved  by  his  father,  also 
by  his  wife  and  son. —  (T.  H.  S.) 
Writing-,  Mirror.  See  Mirror  writing-,  p.  7843,  Vol.  X  of  this  Ency- 
clopedia. 

Perhaps  the  latest  exposition  of  this  much  debated  subject  is  given 
in  the  Literary  Digest,  Aug.  16.  1919,  as  an  abstract  of  Arthur  L. 
Beeley's  Left-Handed/ness,  1919.  The  writer  refers  to  the  blotting- 
paper  character  of  the  script  and  says  that  many  persons,  when  they 
try  to  write  with  the  left  hand,  find  it  most  natural  to  produce  script 
of  this  kind,  and  left-handed  persons  often  show  a  tendency  to  write 
in  this  way.  Many  authorities  believe  that  this  tendency  has  some 
relation  to  mental  deficiency,  and  it  hence  becomes  interesting  to 
psychologists  as  well  as  to  investigators  of  "handedness" — the  cus- 
tomary use  of  either  the  right  or  left  hand.  Beeley  quotes  first  from 
J.  Mark  Baldwin's  Mental  DeveJopment  and  the  Child,  as  follows: 
Mirror-writing  is  the  form  of  inscription  which  arises  from  tracing 
Avords  with  the  left  hand  Ijy  an  exact  reduplication  of  the  movements 
of  the  right  hand,  in  a  symmetrical  way  from  the  central  point  in 
front  of  the  body,  out  toward  the  left.  It  produces  a  form  of  reversed 
writing  which  can  not  be  read  until  it  is  seen  in  a  mirror.  Many 
left-handed  children  tend  to  write  in  this  way.  Some  adults,  on 
taking  a  pen  to  write  with  the  left  hand,  find  they  can  w^rite  only 
in  this  way.  Even  those,  like  myself,  to  whom  the  movements  seem, 
when  thought  of  in  visual  terms,  quite  confusing  and  impossible,  yet 
find  when  they  tiy  to  write  wdth  both  hands  together,  in  the  air,  from 
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a  central  point  right  and  left,  that  the  left-hand  mirror-writing  move- 
ments are  very  natural  and  easy. 

Beeley  saysthat  Jndd,  in  discnssing  the  subject  holds  that  "mirror- 
Avritino-""  frequently  characterize;^  abnormal  individuals.  Not  alone 
do  certain  children  exhibit  this  tendency  in  the  early  years  of  their 
training,  but,  he  maintains,  some  persons  Avhen  tiypnotized  execute 
"mirror-writing"  with  the  right  hand. 

Few  writers  in  the  field  of  normal  and  abnormal  psychology  discuss 
the  characteristic  in  question,  but  of  those  who  do  most  of  them  be- 
lieve "mirror-writing"  to  be  positively  correlated  with  mental  defi- 
ciency. One  authority  on  mental  deficiency,  Barr,  holds  that  it  exists 
among  learned  idiots,  i.  c,  mental  defectives  with  special  talents  in 
various  directions  but  otherwise  deficient  mentally  and  physically. 
He  further  adds:  "Many  of  those  exhibited  in  cheap  museums  or 
the  side-shows  of  the  circus  as  'lightning  calculators,'  'musical  pheno- 
mena,' 'mirror-writers,'  and  as  wonderful  checker-,  card-,  or  chess- 
players' belong  to  this  class." 

The  contribution  of  Sherlock  is  well  worth  ({noting.     He  says: 

There  is  one  manifestation  of  abnormal  tendency  in  the  employ- 
ment of  language  which  has  acquired,  in  the  popular  conception  of 
idiocy,  a  prominence  attributable  to  its  curious  character  rather  than 
to  its  value  as  a  guide  to  the  mental  state.  This  is  what  is  called 
"mirror-writing."  .  .  .  Good  examples  of  this  kind  of  writing  are 
rare,  at  any  rate  in  this  country  (England),  for  idiots  either  do  not 
Avrite  at  all  or  they  produce  a  scrawl  which  demands  the  use  of  a 
good  deal  of  ingenuity  in  addition  to  a  mirror  if  anything  is  to  be 
made  of  it.  Mirror-writing  occurs  in  idiots  who  are  capable  of  a 
limited  degree  of  calligraphic  attainment,  but  incapable  of  learning 
to  write   properly. 

In  one  hundred  and  three  Chicago  schools  responding  to  a  ques- 
tionnaire sent  out  by  Mr.  Beeley  on  this  subject,  forty-two  cases  of 
tendency  to  mirror-writing  were  found.  In  most  of  these  the  ten- 
dency had  been  wholly  overcome,  but  in  others  only  partly.  They 
were  all  left-handed.  Only  nine  were  reported  as  mentally  deficient 
or  troubled  with  nervousness  or  defects  of  speech.  Beeley  concludes 
that  "mirror-writing"  has  primarily  nothing  to  do  with  idiocy,  but 
is  simply  the  easiest  method  of  producing  script  with  the  left  hand, 
as  the  ordinary  form  is  with  the  right.  This  is  also  the  opinion  of 
Baldwin.  When  any  motions  are  made  with  both  hands  at  once, 
they  tend  to  be  symmetrical,  which  means  "mirror-writing"  with 
the  left  hand  when  the  motions  of  ordinary  script  are  made  with  the 
right.     It  is  easy  for  any  one  to  try  the  experiment. 
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Wundstaar.     (G.)     Traumatic  cataract. 

Wurde,  Nicasius  de.     A  famous  l)lind  priest.     See  Werde,  Nicaise  de. 

Wurstvergiftung.  (G.)  A  morbid  condition  produced  by  eating  un- 
wholesome sausages,  in  -which  the  vision  is  often  affected. 

Wutzer,  Karl  Wilhelm.  A  distinguished  German  surgeon  and  oph- 
thalmologist, especially  renowned  for  his  operative  skill.  Born  at 
Berlin,  iMar.  17,  1789,  the  son  of  a  surgeon  and  inspector  of  baths, 
he  studied  for  a  time  at  the  medico-ehirurgical  Pepiniere  at  Berlin, 
and  then  l)eeame  a  military  surgeon.  Having  reached  the  rank  of 
regimental  surgeon,  he  resigned  his  military  work,  and,  receiving  his 
degree  in  1817,  traveled  for  a  time  in  Germany,  France  and  Italy. 
At  length  (in  1821)  he  began  to  write  books  and  articles  which  soon 
were  to  make  him  famous. 

After  the  death  of  Weinhold,  in  1830,  he  removed  to  Ilalle,  in 
order  to  accept  the  chair  of  surgery  in  the  Hallean  University,  and 
the  directorship  of  the  Hallean  Surgical  Hospital.  In  1833,  he  re- 
moved again,  this  time  to  Bonn,  where  he  was  made  successor  to 
Philip  Franz  von  Walther,  in  the  chair  of  ophthalmology.  During 
his  residence  at  Bonn  it  was  tliat  lie  wi-ote  the  most  of  his  ophthalmic 
books  and  articles. 

In  Berlin,  in  1858,  Wutzer  was  operated  on  for  double-sided  cat- 
aract, but,  by  the  irony  of  fate,  received  (as  has  so  often  happened  in 
the  case  of  distinguished  ophthalmologists)  merely  a  modicum  of 
vision.  Indeed,  in  one  eye  sight  did  not  return  at  all.  His  operative 
activities,  of  course,  were,  from  this  time  forward,  effectually  put  an 
end  to.  Wutzer,  however,  continued  to  write,  and  some  of  the  best  of 
his  articles  were  produced  in  the  period  of  his  lowered  vision.  He  died 
suddenly  on  Sept.  19,  1863. 

The  universal  testimony  of  friends  and  enemies  alike  was  that 
Wutzer  was  a  man  of  most  extraordinary  ability  both  as  surgeon  and 
ophthalmologist.  According  to  Gurlt  and  to  AVeber  he  was  also  a 
man  of  very  friendly  character,  of  tlie  utmost  honesty,  and  of  intinite 
energy  and  patience. 

In  addition  to  numerous  original  and  excellent  articles  on  the  eye, 
he  made  a  good  translation  into  German  of  van  Onsenoort's  ^'Ge- 
sch'ichtc  dcr  Avg€7ihcu]{Hndc"  (Bonn,  1838),  a  work  of  value  in  its 
day,  but  long  since  superceded. —  (T.  H.  S.) 

Wy,  Gerrit  Jan  van.  An  18th  century  Dutch  anatomist,  surgeon, 
obstetrician  and  ophthalmologist  of  little  importance.  He  ^\Tote 
''Over  do  Nuttighcid;  Noodzakelykhcid,  Voortreffehjkhaid  en  Luister 
der  Genees-  en  HeeJkunst"  (Arnhem,  1788),  and  "Nieuive  Manier 
van  Cataract  of  Staarsnyding  Bcnoffens  Heel  en  Yr'ddkundige  TFo-ar- 
nemdngen"  (Arnhem,  1792). —  (T.  H.  S.) 
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Wyler,  Jesse  Sydney.  A  Avell-kuown  ophthalmologist  of  Ciueinuati, 
0.,  who  died  voung,  but  who  had  given  much  promise  of  great  things. 
He  was  born  at  Cincinnati,  Sept.  7,  1879,  son  of  Isaac  A.  and 
Adelaide  (Lowman)  Wyler.  His  medical  degree  was  received  at 
Miami  Medical  College  in  1904.  After  serving  as  interne  in  the  old 
City  Hospital,  he  continued  his  studies  in  Europe.  Returning  to 
Cincinnati,  he  soon  was  widely  known  as  a  skillful  operator.  He 
was  elected  to  the  staff  of  the  Cincinnati  General  Hospital  in  1910 
and  to  the  staff  of  the  Jewish  Hospital  in  1912. 

Dr.  Wyler  was  a  stout  man,  of  medium  height,  smooth-faced,  of  a 
ruddy  complexion  and  with  bright  brown  eyes  and  hair.  He  was 
gay  and  genial,  very  fond  of  children,  a  collector  of  books,  a  Repub- 
lican, not  a  religionist  but  a  Jew  by  birth.  He  married,  Nov.  30, 
1908,  Miss  Florence  Iglauer,  by  whom  he  had  two  children.  He  died 
at  Cincinnati,  Oct.  28,  1918. 

Concerning  the  personality  of  this  very  able  man,  we  are  glad  to 
quote  the  following  from  Dr.  Derrick  T.  Vail,  who  knew  him  inti- 
mately: "Dr.  Wyler  was  one  of  those  enthusiastic,  active,  able  and 
gifted  men  who  studied  ophthalmology  not  of  necessity,  for  he  came 
from  a  family  possessing  ample  means,  but  because  he  was  ambitious 
and  had  a  natural  desire  for  a  scientific  and  professional  career.  He 
did  not,  therefore,  declare  himself  an  ophthalmologist  and  begin  prac- 
tising before  he  was  properly  equipped. 

"He  possessed  a  fine  education,  spoke  the  German  and  French 
languages  fluently,  also  had  a  reading  knowledge  of  Spanish  and 
Italian.  He  was  actively  connected  with  the  American  Journal  of 
Ophthalmology  on  the  staff  of  collaborators.  Dr.  Wyler  enjoyed  the 
high  esteem  of  a  wide  circle  of  friends  both  in  the  profession  and 
out  of  it.  His  mind  was  overflowing  with  information  for  he  was 
a  keen  observer,  a  good  student  and  had  strong  convictions  for  or 
against  the  many  ophthalmological  problems.  He  was  fond  of  an 
argument  and  always  believed  he  was  right  but  was  never  obnoxious 
in  his  manner.  He  was  a  very  skillful  operator.  His  methods  were 
largely  of  the  Viennese  school. 

"His  pre-war  admiration  for  the  Vienna  and  Berlin  schools  of 
ophthalmology  was  very  great.  After  our  country  became  involved 
in  the  war,  however.  Dr.  Wyler 's  patriotism  and  loyalty  to  our 
country  were  verj'  keen  and  genuine.  President  Dabney  of  the  Uni- 
versity of  Cincinnati  testified  that  he  died  in  the  sei-vice  of  our 
country. 

"He  was  very  kind  and  liberal  to  the  poor  and  would  give  them 
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his  best  time  and  services  without  stint.  He  was  just  rounding  into 
the  climax  of  a  great  career  when  stricken  with  pneumonia  following 
influenza."— (T.  H.  S.) 


Xanthelasma.  Xanthoma.  Vitiligoidea.  Tliis  is  a  tumor-like  growth 
— the  2^?"'"  varicy  of  Avhieh  is  a  smooth,  flat,  yellowish  deposit  gen- 
erally in  the  palpebral  skin  due  to  alterations  in  the  superficial  muscle 
fibres.  It  occurs  as  an  irregular,  romid  or  oval  patch,  or  patches, 
near  the  inner  canthus  and  commonly  affects  the  upper  lids  of  elderly 
females.  It  is  a  benign  growth  which  rarely  calls  for  interference 
except  for  cosmetic  reasons,  when  the  following  may  be  used :  Hydrarg. 
bichlor.,  5i ;  Collodion,  oiii.     Apply  with  a  camel's  hair  brush. 

An  eschar  forms  in  a  few  days,  which  finally  falls  off,  leaving  a 
faint  scar.    The  X-rays  also  constitute  an  effective  remedy. 

S.  B.  Muncaster  advises  the  use  of  monochloraeetic  acid  for  the 
removal  of  this  disease.  A  solution  of  one  part  to  two  of  water  is 
applied  by  means  of  a  piece  of  cotton  on  tlie  end  of  a  tooth-pick.  A 
few  seconds  after  the  application  the  yellow  discoloration  becomes 
white.  On  the  second  day  there  is  swelling ;  in  about  a  week  or  ten 
days  a  scab  forms  and  falls  off,  leaving  a  clean  surface  without  any 
scar.  In  some  cases  it  is  necessary  to  make  a  second  or,  perhaps,  a 
third  application  at  intervals  of  four  to  six  weeks. 

See  Eyelids,  Xanthoma  of  the,  p.  5030,  Vol.  VII  of  this  Encyclo- 
pedia. 

.Xanthelasma  of  the  ocular  conjunctiva  is  occasionally  seen  as 
slightly  raised,  irregular,  yellowish  plaques.  These  are  found  in  the 
interpalpebral  space  near  the  limbus. 

Xanthelasma  of  the  cornea.  This  rare  degeneration  is  character- 
ized by  its  yellow  color.  It  follows  injuries  attended  with  shrinking 
of  the  globe  and  often  exists  with  a  calcareous  deposit  in  the  cornea. 
Such  eyes  are  usually  sightless.  They  are  prone  to  occasional  attacks 
of  inflammation  and  may  be  the  cause  of  sympathetic  ophthalmitis. 
There  is  no  particular  treatment  for  the  condition.  If  indicated,  an 
enucleation  or  a  Mules  operation  should  be  performed. —  (J.  ]M.  B.) 

Regarding  the  pathology  of  xanthelasma  Parsons  notes  that  it  oc- 
curs most  frequently  in  jaundice. 

Hutchirison  (Oph.  Ycnr-Bool\  p.  285,  1909)  shows  that  the  patches 
result  from  deposit  of  a  fatty  acid  from  the  bile,  in  the  sebaceous,  and 
rarely  also  in  sudoriparous  glands.  They  usually  occur  in  "bilious" 
illdivifluals  ?>iibjeft  to  symptoms  attributed  to  the  liver,  sick-headache, 
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,.U-.  Gilbert  and  Lereboullet  also  insist  upon  the  connection  of  xau- 
Ihelasnia  with  hepatic  aifections.  They  report  two  cases  showing 
that  the  former  may  persist  after  the  cause  has  been  removed.  Ring's 
case  showed  extensive  splotches,  11  by  6  mm.  in  size,  of  xanthelasma 
in  a  woman  on  each  upper  and  lower  eyelid,  at  the  inner  angle  of 
each  lower  lid.  A  small  spot  was  present  at  the  outer  canthus  of  each 
eye.     Diabetes,  tuberculosis  and  syphilis  could  be  excluded. 

Pincus  and  Pick  deny  any  distinction  between  diabetic  and  other 
forms  of  xanthoma.  They  have  found  in  the  xanthomatous  cells  the 
substance  which  has  thus  far  been  considered  as  fat  to  be  in  reality 
a  body  I'csulting  from  the  combination  of  a  fatty  acid  with  cholesterin. 
This  iinding  furnishes  an  explanation  for  the  predilection,  heretofore 
(Mii^'iiiatic,  of  xanthoma  for  icterus  and  diabetes;  in  both  of  which 
conditions  the  same  combination  is  known  to  occur  in  the  blood. 

On  the  other  hand,  J.  Mawas  {Ann.  d'Oculistiqiic,  June,  1914), 
after  a  study  of  the  histology  of  xanthelasma  palpebrarum,  and  after 
a  careful  investigation  of  the  nature  of  the  xanthelasma  cell  in  a 
series  of  specimens  obtained  from  20  patients,  tinds  that  the  xan- 
thelasma plaques  are  very  variable  in  form  and  appearance,  but  most 
frequently  occur  as  small  tumors  composed  of  a  series  of  lobules, 
separated  from  each  other  by  more  or  less  thick  connective  tissue 
septa,  and  containing,  when  suitably  treated,  typical  cellular  ele- 
ments. These  contain  lipoid  elements,  which  are  more  or  less  soluble 
according  to  the  stage  of  development  w'hich  they  have  reached.  These 
appear  first  as  tiny  granules,  the  number  and  size  of  which  continually 
increase  until  they  finally  coalesce  and  fill  the  cell.  The  cells  also 
have  a  tendency  to  coalesce,  giving  rise  to  polynuclear  xanthelasmic 
cells  resembling  giant  cells.  The  writer  considers  that  these  cells  are 
of  a  glandular  type,  elaborating  in  their  protoplasm  a  peculiar  lipoid 
])roduct.  He  rejects  the  theories  that  the  cells  are  undergoing  fatty 
degeneration  or  are  phagocytic. 

As  a  contribution  to  the  treatment  of  xanthelasma,  two  cases  of 
flat  xanthoma,  localized  on  the  lids,  are  described  by  0.  Schindler 
{Pr((c.  Med.  Series,  p.  31,  1912),  in  which  he  obtained  splendid  cos- 
metic? results  by  exposure  to  25  nigr.  radium  bromid.  Under  the 
same  treatment  over  20  cases  of  rodent  ulcer,  lupus  and  angiomatous 
nevi,  healed  without  subsequent  atrophy  of  the  skin  or  telangiectasia,', 
occasionally  observed  after  radiation  by  Rontgen  rays  or  radium. 
According  to  Jarisch,  excision  is  the  only  treatment  which  insures  a 
radical  effect,  and  Schindler  found  no  observations  on  radium  therapy 
in  the  literature.  He  considers  as  chief  indications  for  treatment  with 
i-adium  very  extensive  affections,  in  which  one  does  not  wish  to  sacri- 
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fiee  too  mueli  of  tlie  skin  of  the  lid,  and  the  frequent  relapses  in  the 
surroundings  of  the  operation  scars.  It  is  preferable  to  the  treat- 
ment with  Rontgen  rays  on  account  of  the  more  exact  limitation  and 
mode  of  application  and  the  better  protection  of  the  eye  against  un- 
pleasant complications. 

Xanthocyanopsia.  Xanthocyanopsy.  Ability  to  discern  yellow  and 
blue  tints,  but  not  red  or  green. 

Xanthoma.     See  Xanthelasma. 

Xanthometry.  A  term  invented  by  Hess  to  describe  the  measurement 
of  the  amount  of  yellow  in  the  crystalline  lens.  See  Coloration  of  the 
human  lens,  p.  2363,  Vol.  IV  of  this  Encyclopedia. 

Xanthophane.  See  Chromophane,  p.  2206,  Vol.  Ill  of  this  Encyclo- 
pedia. 

Xanthophose.     Any  yellow  or  yellowish  phose. 

Xanthophthalmous.  Yellow-eyed ;  used  not  only  of  persons  with  yellow 
i rides,  but  also  of  those  with  yelloM-ish  conjunctival  discolorations  due 
to  jaundice  and  the  like. 

Xanthopia.     Same  as  xanthopsia. 

Xanthopsia.  Yellow  vision.  A  condition  in  which  objects  looked  at 
appear  yellow.  See  Chromatopsias,  pp.  2198  and  2202,  Vol.  IV; 
also  under  Santonin,  of  this  Encyclopedia. 

This  anomaly  has  occurred  as  an  accompanying  symptom  in  cases  of 
intestinal  i)arasites;  from  the  effects  of  intense  electric  light;  in  a 
fatal  case  of  Weil's  disease;  in  influenza;  and  in  various  nervous 
disturbances.  (3ne  case  developed  after  a  preliminary  iridectomy, 
and  one  case  accompanied  the  occurrence  of  nephritis  of  pregnancy, 
in  which  tliere  was  seen  ()phthalmoscoi)ically  a  slight  edema  of  the 
papilla. 

11.  Yamaguchi  lias  reported   (Oph.  Lit.,  Aug.  1913)   the  case  of  a 

-  man  of  38  years  who  had  often  had  xanthopsia  lasting  almost  a  day. 
He  took  a  powder  (of  a  mixture  called  semengan,  containing  0.1  gni. 
of  santonin)  morning  and  evening.  Feeling  no  better  that  evening 
he  Avas  given  santonin  by  a  physician,  and  passed  worms.  The  next 
day  he  had  yellow  vision,  of  which  he  took  no  notice  and  M'hich  soon 
disappeared  from  tlie  left  e,ye.  The  persistence  in  the  right  eye  was 
particularly  marked  in  the  middle  of  the  field.  Twenty-five  daj's  later 
the  vision  of  the  right  eye  with  correcting  lens  was  0.5,  there  Avas 
slight  clouding  of  the  vitreous,  the  macular  retina  was  hyperemic,  and 
vision  was  cloudy.  There  was  no  notable  change  in  the  left  eye.  He 
was  treated  with  potassium  iodide,  cathartics  and  sudorifics,  and  put 
to  rest.  The  xanthopia  finally  disappeared  after  lasting  the  extraor- 
dinary period  of  thirty-seven  davs.     Tlie  maximum  dose  of  santonin 
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0.1  gni.,  or  0.3  gm.  per  diem.  The  patient  had  taken  on  the  first 
day  only  0.1  gm.  and  in  the  next  four  days  at  most  0.4  gm. 

The  round  Avorm  is  widely  distributed  in  Japan,  and  when  its 
presence  is  suspected  it  is  the  custom  to  take  this  preparation  of 
semengan. —  (C.  P.  S.) 

R.  Ililbert  (Klin.  Hon.  f.  Aug.,  51,  I,  p.  494,  Apr.,  1913)  supple- 
ments his  essay  on  the  pathology  of  the  color-sense  and  reports  a 
case  of  xanthopsia  in  a  young,  very  neurasthenic,  man,  who  after  an 
alcoliolic  excess  complained  for  three  hours  of  seeing  yellow. 

Xanthopsin.  Visual  purple,  partially  discolored  or  bleached  by  light; 
visual  yellow.  See  Bleaching  of  the  visual  purple,  p.  1015,  Vol.  II 
of  this  Encyclopeclki. 

Xenogenous  siderosis.     See  Siderosis  of  the  eye. 

Xenophthalmia.     Traumatic  conjunctivitis. 

Xerocollyrium.     A  dry  collyrium;  an  eye-salve. 

Xeroderma.  This  is  a  disease  marked  by  roughness,  scaliness  and 
dryness  of  the  skin,  resembling  somewhat  ichthyosis.  See  Con- 
junctivitis entomotoxica.  A  few  cases  of  xeroderma  of  the  eyelids 
are  on  record. 

Xeroderma  pigmentosum.  Kaposi's  disease.  Lentigo  maligna.  In 
addition  to  the  matter  on  p.  6740,  Vol.  IX  of  this  Encyclopedia,  it 
may  be  said  here  that  epithelioma  and  papilloma  are  associated,  often, 
Avith  the  carcinomatous  degeneration  of  xeroderma  pigmentosum. 
Pergens  (1909)  met  with  four  instances  of  xeroderma  pigmentosum, 
three  involving  the  conjunctiva,  in  members  of  one  family  with  dis- 
tant consanguinity  of  the  parents. 

Uhthoff  (1913)  has  described  the  changes  wrought  by  xeroderma 
pigmentosum  in  the  lower  lids  and  corneas  of  a  14-year-old  girl  whose 
case  was  reported  by  Heine  seven  years  before.  The  vision  had  been 
lost  as  the  result  of  adhesions  between  the  lids  and  cornea,  the  lower 
half  of  the  conjunctival  sac  being  completely  obliterated  by  con- 
traction. There  were  xerodermal  tumors  in  other  parts  of  the  body. 
Sulzer  {Ann.  d'Oculistique,  July,  1913)  describes  two  cases  showing 
conjunctival  vascularization  of  the  shape  of  pterygium  with  pigmented 
spots  at  the  limbus  resembling  phlyctens,  circumscribed,  pearl-shaped 
corneal  infiltrations,  and  diffuse  corneal  infiltration.  The  presence  of 
small,  round  pigmented  cells  in  circumscribed  corneal  infiltrations 
showed  them  to  be  xerodermic  lesions,  but  the  Avriter  regards  the 
diffuse  corneal  infiltration  as  an  unimportant  secondary  lesion,  due 
to  loss  of  protection  owing  to  deformity  of  the  eyelids. 

Tlio  relations  between  freckles  (lentigo;  see  Eyelids,  Freckles  of 
the,  p.  .)()()7.  A'ol.  VIT  of  tliis  Encyclopedia)  and  xerodei-ma  pigmen- 
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tosum  are  thoroughly  discussed  by  Richardson  Cross  (Ophthalm.  Re- 
view, p.  193,  July,  1915)  who  also  gives  a  complete  account  of  the 
ocular  manifestations  of  the  latter.  He  points  out  that  ordinary 
lentigo  is  an  affection  of  frequent  occurrence  and  great  variation, 
and  is  due  to  localized  increases  or  accumulations  of  the  pigment  cells 
in  the  rete  mucosum.  The  spots  usually  occur  almost  entirely  on  the 
face  and  arms,  and  on  parts  of  the  body  surface  which  have  been 
exposed  to  the  sun  (ephelis).  They  first  appear  on  the  approach  of 
summer,  and  as  the  cold  weather  supervenes  they  tend  to  pass  away. 
Though  the  spots  may  begin  to  show  at  any  time  of  life,  they  are 
seldom  seen  before  the  fourth  year;  they  are  much  more  common  in 
childhood,  though  they  may  be  present  in  later  life.  The  spots  are 
unsightly,  but  they  rarely  cause  other  trouble  or  lead  to  any  further 
complications. 

Spots  like  freckles  which  appear  in  the  first  year  or  two  of  life 
are  often  the  precursors  of  the  grave  and  rare  form  of  skin  disease 
which  was  described  by  Kaposi  in  1870,  and  which  goes  by  his  name. 
The  pigment  spots  are  then  accompanied  by  dryness  and  atrophy 
of  the  skin,  and  by  other  more  serious  changes  in  it.  The  condition 
has  been  well  called  le^vtigo  maligna. 

The  freckles  usually  appear  very  early  in  life,  and  occasionally 
only  a  few  months  after  birth.  Two  or  more  brothers  or  sisters 
(usually  the  same  sex)  are  frequently  affected.  The  disease  probably 
depends  on  a  congenital  predisposition  to  a  faulty  innervation  which 
tends  to  irregular  nutrition  of  the  skin  or  to  abnormal  changes  and 
formations  in  the  vascular  and  pigmentary  portions  of  its  papillary 
layer. 

Well  defined  dark  or  lighter  pigmented  spots  appear  on  the  un- 
covered, exposed  portions  of  the  head,  shoulders  and  limbs;  in  addi- 
tion the  skin  begins  to  shrink,  showing  white  atrophied  areas  of 
contractions  and  thinning,  hence  the  name  preferred  by  Radcliffe 
Crocker,  atrophoderma  pigmentosum.  The  skin  is  very  dry  and  rough 
in  the  affected  parts;  it  feels  thin  and  tense  and  stretched,  resem- 
bling parchment.  Kaposi  prefers  the  name  xeroderma  pigmentosum, 
which  he  originally  gave  it,  and  by  which  the  disease  is  usually 
known. 

With  time  other  forms  of  deterioration  show  themselves  in  the 
epidermis  and  papillarj^  layers.  Fine  capillar}^  and  vascular  telean- 
giectases develop. 

Some  of  the  pigment  spots  coalesce  and  form  moles.  Warts  and 
papules  grow :  some  on  fine  pedicles  so  that  they  easily  fall  off,  others 
with  broad  bases   which   may  ulcerate  and   discharge   with   scabbed 
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sores  or  may  increase  in  size  and  form  tumors  -whieli  take  on  malignant 
changes. 

The  neAV  growths  show  various  types  of  tumor  tissue:  granuloma, 
epithelioma,  sarcoma,  myxoma,  angioma;  and  in  a  growth  from  a 
case  of  Crocker's  examined  by  Politzer  all  tliese  types  were  seen  com- 
bined together. 

The  disease  is  confined  to  the  integument,  the  tumors  do  not  pene- 
trate below  the  corium,  and  there  seems  to  be  no  tendency  to  implica- 
tion of  the  lymphatics,  or  to  metastases  of  the  internal  organs. 

The  prognosis  is  hopeless.  No  definite  improvement  has  been  seen 
in  any  of  the  hundred  or  so  cases  which  have  been  reported,  but  con- 
stant attention  and  treatment  of  the  local  manifestations  as  they 
arise  seems  to  keep  the  disease  in  abeyance.  Some  patients  live  for 
many  years,  but,  on  the  other  hand,  early  death  may  occur  from  deep 
ulceration  towai-d  the  brain  or  other  vital  parts,  or  from  exhaustion 
or  hemorrhage. 

The  most  marked  changes  are  seen  in  the  face.  The  mucocutaneous 
surfaces  at  the  mouth  and  eyelids  become  thiinied  and  shrinking  or 
fissured  with  superficial  ulcers,  and  the  lips  become  white  and  mottled 
with  red,  vascular  spots;  any  of  the  pathological  changes  earlier  men- 
tioned may  occui-.  The  ears  and  nose  edges  seem  particularly  liable 
to  growths  and  ulceration,  and,  as  the  lids  and  surface  of  the  eye- 
ball are  continuous  witli  the  skiii  of  the  face,  they  may  also  participate 
in  any  phase  of  the  disease. 

The  pigmentation  and  thinning  of  the  eyelids  is  associated  with  a 
dry  and  rough  conjunctival  surface  and  with  shrunken  eye-lashes. 
On  the  lid  edges  warts  may  occur,  or  inflamed  papules  like  styes, 
which  tend  1o  ulcerate.  Nodular  swellings  may  grow  on  the  skin 
surface  of  the  eyelids  and  towards  the  caruncle.  The  ocular  con- 
junctiva is  usually  hyperemic,  from  a  general  congestive  fullness  of 
the  vessels,  or  with  acutely  inflamed  patches  Avhich  often  run  to  the 
edge  of  the  cornea. 

Some  cases  are  said  to  have  shown  pterygium,  but  the  nodules  are 
prol)ably  more  frequently  allied  to  phlycten  or  Pinguecula.  The  edge 
of  tlie  cornea  seems  particularly  prone  to  implication— a  patch  of 
hyperemia  simply,  or  complicated  with  swelling  and  deposition  of 
cells  which  may  absorb  again,  or  may  form  corneal  ulcers,  or  else 
lead  on  to  the  formation  of  a  neoplasm.  The  cornea  itself  becomes 
hazy  from  infiltration  of  its  substance,  or  from  swelling  of  the  epi- 
thelium. In  these  cases  there  is  photophobia  and  blepharospasm. 
Ectroi)ion  is  frequently  present,  and  leads  to  opacitv  or  ulcer  of  the 


XERODERMA  PIGMENTOSUM  14075 

cornea;  but  in  many  of  the  eases  that  have  been  depicted — Crocker's 
and  others — the  eyes  are  open  and  the  light  seems  to  be  well  born. 

The  optic  nerve  and  the  intra-ocular  structures  are  probably  not 
affected  excepting  as  a  late  complication  of  more  superficial  lesions, 
and  even  iritis  is  probably  seldom  present  unless  the  cornea  has  first 
become  very  deeply  affected. 

Although  the  cases  cannot  be  cured,  persistent  treatment  gives 
much  relief.  The  discharge  from  the  irritable  conjunctiva  or  from 
ulcers  must  be  constantly  washed  away  by  soothing,  antiseptic  solu- 
tions so  as  to  avoid  irritation  and  eczema  of  the  neighboring  skin. 

The  growths  need  to  be  repeatedly  removed  and  eradicated  and  the 
ulcers  scraped.  The  application  of  massage  to  the  eyeball  empties 
the  superficial  blood-vessels  and  the  swelling  of  the  cornea.  Cross 
has  applied  a  calomel  ointment  with  good  results  and  used  it  as  a 
medium  for  massage.  Cocain  is  comforting,  but  damages  the  corneal 
epithelium;  atropin  appears  to  aggravate  the  photophobia,  and  as 
iritis  is  probablj'  not  an  earl\-  symptom,  and  rarely  present  until  the 
eye  is  very  seriously  damaged,  is  not  usually  needed. 

Colored  veils  and  ointments  may  protect  the  skin. 

One  of  the  writer's  patients  was  much  improved  by  the  application 
of  X-raj'S. 

In  a  case  of  xeroderma  pigmentosum,  with  post-mortem  examina- 
tion, reported  by  T.  McCall  Anderson  (Brii.  Med.  Journ.,  June  8, 
1889),  a  boy,  aged  9,  affected  with  the  disease,  showed  freckles,  ab- 
normal vascular  areas,  and  a  few  rounded  nodules  scattered  over  the 
face :  the  largest  of  these  was  situated  on  the  inner  side  of  the  left 
ej^eball  and  was  removed.  It  soon  reappeared,  extended  rapidly  in 
the  orbit,  and  destroyed  the  sight ;  finally  the  eye  had  to  be  enucleated. 
There  was  no  return  of  the  disease  or  further  material  change  in  his 
condition  for  four  years,  when  the  disease  again  became  active  on 
the  other  side  of  the  face.  Rapid  malignant  ulcerations  destroyed 
tlie  skin  on  the  right  side  of  the  face,  with  the  bones  and  cavities 
underlying,  so  that  at  the  end  of  a  year  the  l)oy  died  when  only  18 
years  of  age. 

The  post-mortem  examination  showed  that  the  right  side  of  the 
face  was  eaten  away  into  the  nose  and  pharynx  and  into  the  anterior 
and  middle  fcssic  of  the  skull,  but  there  was  no  affection  of  the 
glands  or  of  the  internal  organs. 

Brayton  records  two  cases,  a  brother  and  sister,  each  of  whom 
were  attacked  between  the  fifth  and  sixth  months  of  life.  The  boy 
died  of  a  malignant  disease  of  the  face  with  ulceration  at  9  vears  old. 
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The  girl,  although  showing  the  typical  signs  of  the  disease,  con- 
tinued to  be  well  developed,  and  otherwise  in  good  health  when  last 
seen  at  the  age  of  15  years. 

Cross  describes  two  of  his  own  cases  of  Kaposi's  disease — a  brother, 
aged  11,  and  a  sister,  eighteen  months  younger.  They  were  the  chil- 
dren of  healthy  parents — cousins. 

The  boy  was  born  in  Ceylon,  and  when  nine  months  old,  he  became 
very  sunburnt  (erythema  solare).  His  skin  became  scarlet,  like  a 
lobster,  and  a  little  later  the  face,  neck,  shoulders  and  arms  became 
dotted  over  Avith  pigmented  spots  of  a  brown  or  yellowish  color;  the 
skin  also  became  thin  and  shrunken,  and  other  symptoms  of  the 
disease  followed.  The  girl  was  born  in  England  and  went  back  to 
Ceylon  as  a  baby.  Her  journey  was  made  when  there  was  no  special 
sun  glare.  She  reached  Ceylon  at  four  months  old,  and  until  nine 
months  old  she  was  quite  well.  Then  freckles  began  to  appear  on 
the  exposed  parts  of  her  body,  face,  hands,  neck,  and  a  little  on  the 
legs.  The  skin  looked  dry  and  parched,  and  her  general  health  be- 
came bad.  At  a  year  and  a  half  old  a  small  nodular  growth  appeared 
on  the  chest,  but  fell  otf  leaving  no  scar  nor  ulcer. 

The  boy  had  the  first  growth  when  between  two  and  three  years 
old.  Both  children  continued  to  be  affected,  and  similar  pendulous 
growths  fell  off.  The  girl  in  this  respect  appears  to  have  been  the 
worse  of  the  two.  She  had  many  fiat,  papular  swellings  in  various 
parts,  the  nose,  cheek  and  forehead.  The  edge  of  the  eyelids  was 
also  implicated,  producing  eversion.  The  boy  also  had  many  papular 
swellings,  but  the  tendency  of  them  was  less  well  marked,  and  they 
usually  fell  away.  He  became  practically  free  of  them  but  was  much 
pigmented;  while  in  the  sister  some  have  been  very  troublesome,  re- 
maining fleshy,  and  not  tending  to  dry  up.  Some  of  these  have  been 
treated  with  x-rays,  which  have  also  healed  up  some  ulcers  on  the  nose. 
N.  C.  Nelson  (Am.  Journ.  Ophtholm.,  p.  445,  June,  1919)  reported 
a  case  with  thickened  condition  of  the  lower  lid,  and  ectropion.  To 
1870  there  had  not  been  many  of  these  cases  reported,  but  between 
that  time  and  1910  there  had  been  something  less  than  100  cases  re- 
corded in  the  medical  literature  of  the  United  States  alone. 
Xerofonn.  Bismuth  tribromocarbolate.  Bismctii  tribromophen-ate. 
This  remedy  is  a  yellow,  insoluble  powder,  neutral,  odorless  and 
tasteless;  containing  about  60  per  cent,  of  dibismuth  trioxide. 

The  editor  has  found  it  a  valuable  substitute  for  iodoform,  espe- 
cially in  wounds  of  the  lid  and  as  a  dressing  after  orbital  operations, 
where  the  former  agent  is  especially  offensive,  as,  indeed,  it  usually 
IS,  especially  to  the  patient  operated  on.     He  has  also  employed  it, 
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with  satisfaction,  as  a  dusting  powder,  or  applied  witii  au  iusufflator, 
in  corneal  ulcer. 

In  phlyctenular  keratitis  Ray  H.  Dean  uses  it  as  a  dusting  powder 
not  only  to  the  cornea  and  conjunctiva  but  on  the  skin  surface  of  the 
lids.  He  also  employs  it  where  iodoform  powder  is  usually  required. 
In  the  form  of  dry  xeroform  gauze  applied  to  the  eye  with  a  bandage 
he  finds  it  of  great  yalue  as  an  antiseptic  dressing. 

Xeroma.  An  abnormally  dry  condition  of  the  conjunctiva;  xeroph- 
thalmia.   See  Xerophthalmia. 

Xerophthalmia.  Xerophthalmos.  Xerophthalmus.  Xerosis  epi- 
THELiALis.  Xerosis  conjunctivae.  Atrophy  of  the  conjunctiva. 
In  this  condition  the  conjunctiva  becomes  thick,  dry,  and  of  a  whitish 
color  resembling  skin.  An  analogous  process  is  observed  in  the  cornea. 
Xerosis  of  the  conjunctiva  appears  either  sequent  to  a  local  disease 
or  as  an  accompaniment  of  a  general  affection.  Locally  it  occurs  after 
cicatricial  degeneration  following  trachoma,  pemphigus,  burns,  or 
diphtheritic  conjunctivitis  (parenchymatous  xerosis)  ;  or  it  may  be 
due  to  insufficient  protection,  as  in  ectropion  and  lagophthalmos,  the 
exposed  conjunctiva  becoming  covered  with  a  thick,  epidermoid  epi- 
thelium (epithelial  xerosis).  Resulting  from  a  general  disease,  con- 
junctival xerosis  occurs  in  a  light  and  also  in  a  severe  tj^pe.  The 
former  accompanies  nyctalopia,  while  the  latter  is  found  in  cases  of 
keratomalacia.  A  special  bacillus  (xerosis  hacUlus)  has  been  de- 
scribed. According  to  Fuchs,  it  is  neither  the  cause  of  xerosis  nor 
characteristic  of  this  disease,  since  it  is  found  in  the  healthy  con- 
junctival sac. 

In  the  primary  type  the  part  of  the  conjunctiva  corresponding 
to  the  palpebral  opening  shows  a  froth-like  deposit  (composed  of 
degenerated  epithelium),  which  is  triangular  in  form,  the  base  being 
toward  the  cornea.  The  conjunctiva  is  anesthetic  and  irritation  faDs 
to  produce  lachrymation.  In  severe  cases  the  cornea  becomes  dull 
and  opaque  and  may  slough.  An  important  subjective  symptom  is 
night-blindness.  The  disease  is  common  in  Brazil  and  among  the 
negroes  of  the  South.    Prognosis  is  unfavorable. 

Primary  xerosis  of  the  conjunctiva  is  found  chiefly  among  the  ill- 
nourished  and  calls  for  supportive  and  tonic  treatment.  Local  treat- 
ment is  of  little  value.  Glycerin  and  water,  an  emulsion  of  codliver- 
oil,  or  white  vaselin  may  be  used  as  local  applications  with  comfort 
to  the  patient. 

•     See,  also,  Pemphigus;  also  Bacillus  xerosis,  pp.  747  and  780,  Vol. 
II  of  this  Encyclopedia. 

As  Parsons  {Pathology  of  ike  Eye,  p.  102)  points  out,  xerosis  of  the 
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conjunctiva  is  not   a  distinct  disease  but  a  symptom.     He  gives  the 
cZvin,  excellent  account   (which  is  given  verbatim)    of  tins  con- 
dition—Xerosis  of  the  conjunctiva  occurs  in  two  groups  of  cases: 
(1)  associated  with  general  disease;   (2)   as  a  sequel  of  local  ocular 

affection.  .,  ■,    ^  i.        i    • 

The  finl  im^  occurs  in  two  forms:  (a)  a  mild  form,  found  m 
adults  accompanied  by  nyctalopia,  and  characterized  by  Bitot  s  spots, 
small  triangular  patches  on  the  outer  and  inner  sides,  covered  by  a 
material  resembling  dried  foam,  which  is  not  wetted  by  the  tears; 
(b)  a  severe  form,  found  in  marasmic  children,  associated  with 
keratomalacia  and  necrosis  of  the  cornea.  Both  these  forms  probably 
result  from  malnutrition. 

The  second  type  occurs  as  a  cicatricial  degeneration  of  the  con- 
jnnctiva— (a)  following  trachoma,  burns,  pemphigus,  diphtheria,  etc., 
eommencing  in  isolated  spots,  ultimately  involving  the  whole  con- 
junctiva and  cornea;  (b)  following  exposure,  due  to  ectropion  or 
lagophthalmos. 

In  all  cases  the  principal  anatomical  changes  are  found  in  the 
epithelium,  which  becomes  thickened  and  epidermoid,  at  the  same 
time  undergoing  fatty  degeneration.  Leber  first  described  sections 
through  the  whole  thickness  of  the  membrane.  The  superficial  cells 
are  flattened,  and  their  nuclei  have  disappeared;  the  deeper  layers 
consist  of  prickle-cells,  often  widely  separated  by  spaces  in  which  leu- 
cocytes are  found.  The  nuclei  of  these  cells  stain  well,  and  are  sur- 
rounded by  a  clear  zone,  outside  Avhich  there  are  numerous  fat 
globules;  these,  however,  are  much  more  numerous  in  the  flattened 
cells.  Much  of  the  fat  is  due  to  the  secretion  of  the  Meibomian 
glands,  which  is  increased.  If  the  fat  is  removed  by  soap  the  cells 
become  capable  of  being  wetted  by  the  tears. 

The  surface  of  the  epithelium  is  for  the  most  part  even;  but  here 
and  there  the  deeper  cells  are  irregularly  clumped  together  and  sep- 
arated from  their  neighbors,  and  these  balls  of  epithelium  often 
project  above  the  surface,  and  later  become  free  in  the  conjunctival 
sac  (Kuschbert).  They  contain  numerous  intra-  and  extra-cellular 
"xerosis"  bacilli,  which  grow  rapidly  under  the  conditions  which 
exist,  but  are  not  the  cause  of  the  complaint. 

Baas  found  few  leucocytes  between  the  deeper  cells.  Changes  in 
the  protoplasm  and  nuclei  commenced  in  the  middle  layers.  The 
protoplasm  showed  uneven  staining — either  a  clear  or  a  deeply-stained 
zone  around  the  nucleus,  or  general  faint  staining;  there  were  also 
vacuoles.  The  nuclei  stained  less  than  normal,  especially  at  the  pe- 
riphery; in  other  cells  the  centre  was  less  stained,  so  that  the  nuclei 
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assumed  the  siguet-ring  form.  The  fat  globules  stained  deeply  with 
osmic  acid,  so  that  the  superficial  cells  often  became  filled  with  reduced 
osmium. 

Attention  has  more  recently  been  devoted  to  the  horny  changes 
which  take  place  in  the  more  superficial  cells  (Dotsch,  Basso).  Those 
slightly  below  the  surface  show  granules  in  the  cytoplasm  which 
stain  very  deeply  with  hematoxylin.  The  grannies  consist  of  kera- 
tohyalin,  and  the  layer  in  every  respect  resembles  the  stratum  granu- 
Icsum  of  the  epidermis.  The  horny  cells  upon  the  surface  stain  verj- 
deeply  in  a  diffuse  manner,  showing  no  granules.  The  cells  here  are 
often  united  into  long  wav.y  bands  or  laraellffi  (Basso). 

This  epidermoid  condition  of  the  conjunctiva  has  been  called 
tyloma  conjunctiva?  by  Gallenga  and  Best.  It  probably  occurs  in 
i-are  cases  as  a  congenital  malformation — the  simplest  type  of  dermoid. 

Keratohyalin,  besides  staining  deeply  with  hematoxylin,  also  stains 
by  Gram's  method,  dift'ering  from  other  substances  in  retaining  the 
stain  Avhen  treated  with  acid  alcohol  (Ernst).  It  also  stains  with 
Weigert's  fibrin  stain,  and  becomes  deep  blue  with  iron  hematoxylin 
(Apolant).  Tlie  strong  affinity  for  hematox^ylin  is  shown  by  Unna's 
method,  in  which  overstained  sections  are  differentiated  with  potassium 
permanganate  solution.  Keratohyalin  shows  the  red  fuchsin  stain  with 
van  Gieson's  method,  whereas  the  more  advanced  horny  material  in 
the  superficial  cells  stains  yellow. 

Xerosis  cpithelialis.  In  this  particular  form  of  xerophthalmia  the 
cornea  may  or  may  not  be  involved.  The  condition  is  known,  also, 
as  xerosis  triangularis  and  xerosis  infaniilis  and  by  some  writers 
(Weeks,  for  instance)  is  confined  to  that  form  of  xerophthalmus  in 
which  the  lesions  are  believed  to  be  due  to  the  diplobacillus  of  xerosis. 
Others  regard  epithelial  xerosis  as  a  state  of  the  conjunctiva  which 
from  exposure  (ectropion,  lagophthalmos)  has  become  covered  with 
thick,  epidermoid  epithelium;  and  although  the  xerosis  bacillus  is 
often  found  it  is  not  in  all  cases  the  chief  cause  of  the  epithelial 
changes. 

li.  V.  Dutrow  {Proc.  Canal  Zone  Med.  Ass'n.,  pt.  I,  Vol.  lY,  1914) 
has  reported  three  cases  of  xerosis  epithelialis  with  involvement  of  the 
cornea,  in  which  the  xerosis  bacillus  was  found.  They  were  seen  in 
well-nourished  individuals,  aged  25,  22  and  30  years  respectively. 
The  ordinary  methods  of  treatment  had  been  of  no  avail,  and  the 
resulting  vision  ranged  from  a  practically  useless  eye,  or  tlie  counting 
of  fingers,  to  20/70.  Dutrow  gives  a  tabulation  of  a  bacteriologic 
examination  of  forty  cases,  to  determine  the  incidence  of  the  bacillus 
xerosis.      This    examination    included    Americans,     P]uropeans    and 
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ne-roes  The  cultures  from  the  left  eye  were  negative  in  j\mericans, 
wldle  15  per  cent,  were  positive  in  European  patients.  Twenty  per 
cent  of  the  cultures  taken  from  the  right  eye  of  the  American  pa- 
tients were  positive,  while  those  from  the  European  patients  were 
negative.  Cultures  taken  from  the  eyes  of  negroes  revealed  the 
bacillus  xerosis  in  either  eye,  but  not  in  the  same  patient.  In  10  per 
cent,  of  the  latter  cases,  an  unidentified,  biscuit-shaped  diplococcus 
was  found  associated  wath  the  bacillus  xerosis. 

Dutoit  is  of  the  opinion  that  the  bacillus  xerosis  is  the  etiologic 
factor  in  the  keratomalacia  of  adults.  He  furthermore  believes  it  im- 
portant to  build  up  the  general  health  of  these  patients,  and  though 
he  is  not  sure  as  to  the  therapeutic  value  of  hexamethylenamin  (uro- 
tropin)  in  this  disease,  he  does  not  hesitate  to  recommend  it  in  con- 
junction witli  tonics  and  a  full  diet  with  extras. 

See,  also,  Keratomalacia;  as  well  as  Cornea,  Infantile  ulceration 
of  the,  p.  3378,  Vol.  V  of  this  Encyclopedia. 

The  curious  association  of  nyctalopia  (q.  v.)  with  xerosis  of  the 
conjunctiva  has  been  widely  reported.  Landolt  {Oph.  Y ear-Book, 
p.  130,  1909)  pointed  out  that  the  syndrome  of  hemeralopia  with 
patches  of  xerosis  on  the  conjunctiva,  first  described  by  Bitot,  affects 
individuals  exposed  to  poor  conditions  of  hygiene  and  nutrition.  It 
is  therefore  likely  to  occur  in  epidemic  fashion  among  communities 
subject  to  such  conditions.  Prolonged  physical  exertion,  and  insuffi- 
cient or  exclusively  vegetable  food,  are  important  causative  factors; 
hence  its  occurrence  among  gangs  of  South  American  slaves  and  in 
prisons.  Landolt  reports  a  case  in  a  recently  liberated  convict,  in 
whom  a  cure  was  effected  by  merely  placing  the  patient  upon  a  full 
diet. 

M.  L.  Hepburn  {Medical  Press,  Mar.  16,  1910)  believes  that  the 
hitherto  accepted  theory  of  nyctalopia  in  xerosis,  namely,  torpor  of 
the  retina  due  to  general  malnutrition,  cannot  be  justified  either  by 
the  condition  of  the  patient  or  by  the  presence  of  the  ordinary  signs 
of  defective  calculation  in  the  retina.  A  more  probable  explanation  of 
the  night-blindness  is  that  certain  rays  of  light  act  prejudicially  on 
the  visual  purple,  causing  retardation  of  the  normal  metabolism,  a 
theory  borne  out  by  the  occurrence  of  this  complaint  during  the 
months  from  May  to  September,  when  the  intensity  of  the  rays  of 
light  is  presumably  at  its  greatest.  The  relationship  between  the 
xerotic  patches  and  the  night-blindness  presents  many  difficulties,  and 
while  the  connection  between  the  two  seems  to  be  a  very  close  one, 
a  common  cause  is  not  easy  to  find.  It  is  suggested,  however,  that 
the  same  rays  of  light  which  influence  the  visual  purple  act  in  some 
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^vay  oil  the  coiijiuiclival  mucous  glands,  inhibiting  their  secretory 
function;  and  in  support  of  this  it  is  found  that  during  the  con- 
tinuance of  the  xerosis  patches  the  night-blindness  persists,  whereas 
Avhen  the  former  is  removed,  the  latter  disappears  also. 

The  treatment  adopted  varied  considerably,  since  it  was  found  that 
many  remedies  produced  an  amelioration  of  the  symptoms,  though 
the  time  they  took  to  act  differed  according  to  the  special  method  em- 
ployed. Some  rely  on  external  remedies  alone,  while  others  strongly 
advocate  drugs  internally  without  any  local  application  whatever. 
Bandaging  the  eyes  for  a  short  time  has  been  known  to  give  relief, 
and  whatever  treatment  may  be  used  must  evidently  not  only  modify 
the  action  of  the  special  rays  of  light  on  the  conjunctiva,  but  also 
their  path  through  the  pupil  to  the  retina,  since  in  no  other  way 
can  simultaneous  improvement  in  the  prominent  symptoms  be  ex- 
plained. Arising  out  of  the  discussion  of  this  subject,  it  appears  that 
there  is  some  reason  for  thinking  that  congenital  night-blindness, 
xerosis  of  the  conjunctiva  and  night-blindness,  and  the  night-blindness 
of  malnutrition  may  be  due  to  a  common  cause. 

Von  Hippel  (1913)  writes  of  an  epidemic  of  hemeralopia  with 
xerosis  which  occurred  in  the  spring  of  1912  in  Saxony  and  Thuringia. 
Of  eighty-two  cases  collected  by  von  Hippel,  sixty-eight  were  males. 
More  than  one-half  occurred  in  youths  under  20  years.  In  forty-nine 
cases  the  nutrition  of  the  patients  was  very  bad;  in  sixteen  it  was 
good;  in  four  no  change  from  normal  was  noted.  Aside  from  diminu- 
tion of  hemoglobin  (under  45  per  cent.)  and  in  two  cases  lymphocy- 
tosis, no  pathological  changes  were  noted.  The  treatment  varied,  but 
in  general  consisted  in  bandaging  the  eyes,  improving  the  nutrition, 
the  administration  of  tonics  and  in  some  cases  cod-liver  oil.  The  effect 
of  the  treatment  was  decided.  In  von  Hippel 's  own  cases  the  symp- 
toms disappeared  on  the  average  in  one  week.  The  shortest  course 
Avas  three  daj^s.  Two  factors  were  concerned  in  the  causation  of  the 
epidemic,  dazzling  and  malnutrition.  As  the  result  of  treatment  of 
a  number  of  cases  of  xerosis  conjunctiva,  with  hemeralopia  and  kerato- 
malacia,  Ishihara  asserts  that  cod-liver  oil  is  a  specific.  Eel  oil  and 
olive  oil  exert  a  favorable  influence.  He  believes  the  disease  to  be 
due  to  an  insufficiency  of  fatty  substances  in  the  blood. 

W.  T.  Shoemaker  reported,  in  1909,  a  case  of  xerosis  of  the  con- 
junctiva in  a  man  aged  43,  the  lesion  consisting  of  a  slightly  elevated, 
greasy  looking  growth,  4  mm.  in  diameter,  situated  at  the  corneo- 
scleral margin  on  the  temporal  side.  Bacteriological  examination  re- 
vealed quantities  of  xerosis  bacilli  and  staphylococci.  Thorough 
cauterization  of  the  area  resulted  in  cure,  and  Shoemaker  recommends 
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this  treatment,  together  with  proper  food,  liygienic  surroundings,  and 
tlie  internal  administration  of  iron. 

Herbert  points  out  that  in  many  cases  of  xerosis  secondary  to 
cicatricial  degeneration  of  the  conjunctiva  from  old  trachoma,  the 
upper  portion  <if  tlu^  cornea  covered  liy  the  upper  lid  is  not  dry,  but 
is  opaque  from  ..hi  pannus  and  insensitive.  This  loss  of  sensation 
is  found  in  nearly  all  cases  of  old,  inactive  pannus.  He  says  further 
tliat  eyes  atl'cctcd  witli  xerosis  secondary  to  trachoma  are  those  more 
or' less  exposed  1)\-  defective  blinldng  movements,  due  to  the  reduced 
sensibility  brouglit  about  primai-ily  l\v  old  general  pannus  of  both 
eyes,  and  sometimes  it  is  difficult  to  say  in  a  given  case  which  has 
been  the  more  influential  factor  in  the  development  of  the  xerosis, 
the  cicatricial  changes  in  the  conjunctiva  or  the  pannus. 

Magnani  advocates  for  the  relief  of  xerophthalmos  complete  tar- 
sorrhaphy according  to  Buller's  method,  leaving  a  small  central  slit, 
liowever,  for  vision.  Tliis  operation  is  followed  by  improvement  of 
vision,  and  is  especially  valuable  when  both  eyes  are  affected. 

Kaz  {Oijh.  Year-Bool-,  p.  102,  1916)  successfully  treated  eases  of 
traclioma  blindness,  pannus,  xerophthalmos,  lagophthalmos  and  sym- 
blepharon  with  celluloid  films.  In  xerophthalmos  a  celluloid  film  is 
inserted  and  removed  daily,  or  on  every  third  day,  as  required,  to  keep 
the  eye  clean.  In  pannus  only  a  strip  of  celluloid  is  introduced  be- 
i^eath  the  upper  lid  and  the  eye  bandaged.  The  material  used  is  a 
special  form  of  celluloid  for  medicinal  use,  "cellon,"  0.1  or  0.003 
mm.  thick.  His  conclusions  are  :  1.  That  celluloid  skin  when  properly 
applied  is  well  borne  by  the  eye.  2.  In  xerophthalmos  of  trachoma 
tlie  plate  softens  and  a  complete  apposition  between  the  plate  and  the 
surface  of  the  cornea  is  secured.  3.  By  placing  a  film  strip  under  the 
upper  lid  an  appreciable  clearing  of  the  opaque  cornea  results.  4.  As 
the  causes  of  blindness  in  trachoma  are  pannus  and  xerophthalmos,  we 
have  a  means  of  averting  it  by  the  use  of  celluloid  films. 

Xerosis.    Alnionnal  dryness,  as  of  the  eye  or  of  the  skin.    See  Xeroph- 
thalmia. 

Xerosis  bacillus.    See  pp.  747  and  780,  Vol.  II  of  this  Encyclopedid. 

Xerosis  epithelialis.     See  Xerophthalmia. 

Xerosis  glabra.    Partial  or  local  xerosis  as  distinguished  from  xerosis 
totalis. 

Xerosis  infantilis.     See  Xerosis  epiihelialis,  under  Xerophthalmia. 

Xerosis  of  the  conjunctiva.    See  Xerophthalmia. 

Xerosis  of  the  cornea.    See  Xerophthalmia;  as  well  as  Keratomalacia, 
p.  6829,  Vol.  IX  and  Keratitis  e  lagophthalmo,  of  this  Encyclopedia. 
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Xerosis,  Parenchymatous.     See  Xerophthalmia. 

Xerosis  squamosa.  Xerosis  totalis.  The  dry,  epithelial  form  of 
xerophthalmia,  Avhieh  affects  both  the  palpebral  and  ocular  conjunc- 
tiva and  cornea. 

Xerosis  superficialis.  Xerophthalmia  due  to  exposure  of  the  eyeball 
to  the  air ;  epithelial  xerosis. 

Xerosis  totalis.     See  Xerosis  squamosa. 

Xerosis  triangularis.     See  Xryosis  cpiihclidlis,  under  Xerophthalmia. 

Xerotic  keratitis.  Xerotic  keratosis.  See  Keratomalacia.  Also  con- 
sult Keratitis  e  lag-ophthalmo  herein. 

X-rays.  Koentgen  rays.  This  subject,  of  such  extreme  importance  to 
the  ophthalmic  surgeon,  has  already  been  discussed  under  numerous 
captions  in  this  work.  See,  e.  g..  Electricity  in  ophthalmology,  p. 
4192,  Vol.  VI;  Radiography,  p.  10847,  Vol.  XIX ;  under  Localization 
of  foreign  bodies,  p.  750o,  Vol.  X;  Fluoroscope,  p.  5232,  ^^ol.  VII; 
Roentgen  rays ;  Radiotherapy,  p.  10849,  and  under  Radium,  p.  10851, 
\o\.  XIV  of  this  Encydopcclia — that  furuish  a  fair  account  of  the 
employment  of  these  agents  in  ophthalmology.  To  what  is  there  given 
a  few  later  observations  are  here  added. 

The  following  is  a  sketch  of  ophthalmic  uses  of  the  x-rays  from 
1895  to  1913,     Additional  matter  follows  in  chronological  order. 

Since  their  discovery  by  Roentgen  in  1895,  the  x-rays  have  taken  a 
position  of  ever-increasing  importance  in  all  branches  of  surgery,  to 
which  ophthalmology  1ms  been  no  exception.  The  rays  are  formed 
\)\  the  discharge  of  a  high  tension  electric  current  tlirough  a  vacuum, 
in  suitably  prepared  tubes,  and  are  generated  by  the  cathode  rays 
impinging  upon  a  solid  object,  the  anode,  from  which  latter  point 
they  are  given  forth  in  all  directions.  These  rays  produce  shadoAvs, 
cause  fluorescence,  and  liave  a  chemical  action  on  a  photographic  film. 
They  penetrate,  in  different  degrees,  substances  which  are  opaque  to 
light,  which  property  gives  them  their  peculiar  value  in  the  localiza- 
tion of  foreign  bodies  in  the  eye,  and  have  a  further  marked  thera- 
peutic effect  on  certain  morbid  processes,  the  exact  nature  of  which 
is  not  yet  fully  understood. 

Equipment  required  for  clcvel oping  the  x-rays.  The  various  parts 
of  an  x-ray  equipment  are  the  generating  apparatus,  consisting  of 
an  induction  coil,  or  a  static  machine,  or  high  frequency  apparatus, 
with  a  vacuum  tube  and  its  holder ;  and  the  receiving  screen,  which 
is  either  a  fluorescent  screen  (fluoroscope)  or  a  photographic  plate. 

The  static  machine,  Avliich  is  too  well  known  to  require  special  de- 
scription, is  in  many  respects  convenient,  but  requires  to  he  run  by 


1  K)8i  X-RAYS 

ail  electric  or  water  motor  and  is,  therefore,  more  troublesome  than 
the  induction  coil.  The  tubes  excited  by  it  are  not  used  up  so  quickly 
as  are  those  excited  by  a  coil.    See  Electricity  in  ophthalmology. 

Tlie  induction  coil,  or  high  frequ^cncy  apparatus  may  be  run  by  a 
current  from  a  primary  battery,  by  a  storage  battery  charged  by 
gravity  cells  or  from  the  street  main,  by  a  dynamo  which  generates 
a  continuous  or  alternating  current  of  high  or  low  voltage,  or  directly 
from  the  street  main  with  a  continuous  or  alternating  current.  At 
the  Manhattan  Eye,  Ear  and  Throat  Hospital  (N.  Y.),  the  induction 
coil  of  the  Ruhmkorff  type  is  used,  with  a  continuous  current  from 
th(i  hospital  dynamo  of  110  volts. 

The  vacuum  tube,  which  is  perhaps  the  most  important  part  of  the 
equipment,  and  certainly  the  most  difficult  to  keep  in  proper  con- 
dition, consists  of  a  glass  bulb  about  10  cm.  in  diameter,  in  the 
interior  of  which  are  two  termmals — one  of  aluminum,  the  cathode; 
and  one  of  copper  faced  with  platinum,  the  anode.  Sometimes  a  third 
is  added — the  anti-cathode — which  is  usually  made  of  platinum  al- 
loyed with  iridium.  A  palladium  ware  connected  with  the  exterior 
is  also  present,  and  is  protected  by  a  glass  cap.  This  wire  is  used  for 
lowering  the  vacuum  in  the  tube,  should  this  become  too  high.  The 
glass  cap  is  removed  and  the  wire  is  heated  by  means  of  an  alcohol 
flame,  thus  generating  a  certain  amount  of  gas  in  the  interior  of  the 
tube.  The  rays  require  only  a  certain  amount  of  gas  in  the  tube 
for  their  proper  transmission,  and  if  there  is  too  much  the  tube  is 
said  to  be  "low"  and  the  rays  are  lacking  in  penetrative  power.  The 
low  tube  is  more  bluish  in  color  as  the  rays  are  passed  through.  It  is 
made  higher  by  passing  a  reverse  current  through  the  anode  and  anti- 
cathode.  On  the  other  hand,  if  the  vacuum  becomes  too  rare,  the  tube 
is  said  to  be  too  '  *  high "  or  "  hard, ' '  and  there  is  a  greater  resistance 
to  the  passage  of  the  rays,  which,  as  a  consequence,  have  less  strength 
and  penetrating  power.  This  is  shown  by  the  low  reading  on  the 
milliam-meter  and  the  fact  that  the  spark  jumps  across  the  spark-gap 
(rather  than  to  go  by  its  usual  route),  even  if  the  length  of  the 
spark  gap  be  very  much  increased. 

A  variety  of  good  tubes  are  manufactured  at  the  present  time,  and 
it  is  hardly  desirable  in  the  present  connection  to  describe  them  in 
detail,  but  it  may  be  said  that  one  of'  the  prime  requisites  is  to  have 
a  sufficient  number  of  tubes  so  that  each  may  be  allowed  a  period  of 
quiescence.  The  vacuum  tube  is  a  sensitive  affair,  and  while  each 
one  should  receive  enough  use  to  keep  it  in  condition,  any  attempt 
to  exact  more  service  from  it  is  certain  to  result  in  hitches  and  diffi- 
culties, and  poor  penetration  and  poor  results.     At  times  the  tube 
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will  go  higher  and  higher  as  it  is  used,  the  milliam-meter  will  give  a 
lower  and  lower  reading,  and  finally  discharge  occurs  around  the 
external  surface  of  the  tube.  Under  these  circumstances  it  is  better 
to  resort  to  another  tube  and  allow  the  refractory  one  to  rest  for  a 
period  of  several  days.  A  veiy  useful  device  is  a  wire  "regulator" 
with  two  arms.  This  is  applied  to  the  tube  so  as  to  cause  a  sparking, 
which  gives  off  a  certain  amount  of  heat  and  lowers  the  vacuum. 

The  penetration  of  the  tube  may  be  measured  by  a  little  disc  of 
aluminum  with  a  silver  center,  known  to  manufacturers  as  a  "pene- 
trometer." This  has  little  blocks  of  different  thicknesses,  numbered 
from  one  to  twelve,  around  the  circumference,  and  when  viewed  with 
the  fluoroscope  some  idea  can  be  gained  of  the  power  of  the  tube  by 
comparing  the  blocks  with  the  central  disc  of  silver  which  is  taken 
as  a  standard.  Thus,  if  the  central  disc  is  the  same  shade  as  the 
block  marked  "7,"  we  say  that  the  tube  has  a  penetration  of  seven. 
For  fluoroscopic  work,  it  is  scarcely  possible  to  have  too  great  a  pene- 
tration, but  for  photographic  work  the  usual  laws  of  the  action  of 
light  obtain  and  too  great  a  penetration  results  in  reduction  of  the 
photographic  plate  everywhere  and  less  contrast,  The  photographic 
principle  that  it  is  easier  to  work  with  a  moderate  light  and  a  long 
exposure  than  with  a  strong  light  and  a  short  exposure  holds  good 
here,  for  with  a  short  exposure  any  error  in  time  is  proportionately 
greater.  For  thick  objects,  as  in  the  photography  of  the  shadow  of 
a  foreign  bodj''  in  the  eye,  a  penetration  of  about  seven  is  best. 
Usually,  however,  the  experienced  operator  learns  to  judge  of  the 
penetrative  power  of  the  tube  by  the  yellowish-green  "fluorescent" 
shade  which  is  present  when  the  tube  is  working  properly. 

The  tiibe  holder  is  composed  of  an  upright  standard  with  an  ad- 
justable arm  w'hich  grasps  the  tube  between  curved,  felt-covered 
holders.  Two  side  arms  are  added  for  the  purpose  of  holding  the 
wires  and  of  keeping  them  away  from  the  tube  to  avoid  cross-circuit- 
ing. In  the  holder  which  is  used  for  the  localization  of  foreign 
bodies  in  the  eye,  it  is  essential  that  a  graduated  scale  should  be 
added  and  that  the  arm  allow  of  a  movement  of  the  tube  along  meas- 
ured lines,  without  lateral  displacement,  which  would  lead  to  error. 
In  the  Brickner  holder  there  are  two  separate  scales;  one  on  the  up- 
right to  measure  the  vertical  displacement ;  the  other  on  the  arm,  to 
measure  the  lateral  displacement.  The  tube  may  thus  be  displaced  up 
and  down,  or  sideways,  by  turning  the  large  handscrews,  but  is  always 
in  the  same  plane. 

The  fluoroscope.  This  instrument  consists  of  a  pyramidal  box  with 
an  opening  at  one  end  Avhicli  is  so  shaped  as  to  fit  closely  around  the 
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eyes  of  the  observer  and  exehule  the  light  in  the  room,  while  the  other 
end  is  closed  by  the  fluorescent  screen,  which  is  made  by  coating  one 
side  of  a  piece  of  cardboard  with  crystals  of  tungstate  of  calcium  or 
with  platino-cyanide  of  barium.  The  x-rays  have  the  power  of  ren- 
dering these  chemicals  fluorescent  in  greater  or  less  degree  as  they 
are  interrupted  in  their  passage  to  the  screen,  so  that  if  an  object  be 
held  between  the  rays  and  the  screen  a  shadow  will  be  formed  which 
shows  certain  details  very  well.  For  flat,  thin  objects  the  fluorescent 
screen  is  very  useful,  but  for  the  delicate  "detail"  work  required 
in  the  situation  of  the  eye,  it  is  far  inferior  to  the  photographic  plate. 
See,  also,  p.  5233,  Vol.  VII  of  this  Encyclopedia. 

The  photographic  plaie  should  be  one  of  thin  emulsion,  i.  e.,  a 
quick  plate,  and  should  not  be  too  old.  Almost  any  reliable  plate 
answers  well  for  this  purpose — Lumiere,  Carbutt,  Seed,  Cramer,  etc. 
They  are  best  enclosed  first  in  a  black  envelope  and  then  in  an  orange 
one,  so  that  no  holder  is  necessary.  In  using  such  a  plate,  it  is  simply 
placed  in  position  beside  or  under  the  head  and  the  light-proof  en- 
velopes are  readil}^  penetrated  by  the  ray.  While  in  the  room  with 
the  machine,  they  should  be  kept  in  a  box  lined  with  sheet  lead,  3  mm. 
thick,  and  only  brought  out  when  the  exposure  is  to  be  made.  It  is 
particularly  important  that  these  delicate  plates  be  kept  free  from 
moisture,  and  if  it  is  necessary  to  make  the  exposure  with  the  patient's 
face  or  any  part  of  the  skin  pressing  on  the  envelope,  a  thin  sheet 
of  rubber  should  be  interposed  so  that  the  perspiration  will  not  pene- 
trate the  envelopes. 

Developing.  In  the  developmejit  of  the  plate  the  ordinary  rules 
of  photography  are  to  be  followed.  It  is  always  best,  in  order  to 
ensure  delicacy  of  detail,  to  develop  the  plate  rather  slowly  and  to 
allow  the  image  to  come  up  with  the  least  possible  forcing.  Hydro- 
quinone  or  metol-hydro  give  good  results  and  are  easily  handled. 
The  temperature  of  the  developer  should  be  about  70°  F.,  although 
this  need  not  be  exact.  If  the  time  of  the  exposure  has  been  correct, 
any  standard  mixture  of  tlie  above  solutions  will  give  good  results, 
for  in  x-ray  work  as  in  ordinary  photograpliy,  it  is  easy  to  develop 
a  correctly  exposed  plate  but  very  difficult  to  secure  equally  good 
results  with  an  iiicon-ectly  exposed  one.  A  TO  per  cent,  solution  of 
bromide  of  potassium  should  always  be  kept  on  hand,  so  that  if  the 
plate  starts  to  develop  too  rapidly,  in  the  case  of  over-exposure,  a  few 
drops  may  be  added  and  the  image  restrained.  This  procedure  will 
give  a  certain  amount  of  contrast  to  what  would  otherwise  be  a  flat, 
weak  plate.  If  the  plate  Ix^  under-exposed,  which  is  shown  bv  the 
image  coming  up  very  slowly,  the  only  thing  to  be  done  is  to  continue- 


X-RAYS  14087 

the  development  in  a  very  feeble  light  for  a  long-  period,  so  as  to 
force  the  image  up  as  much  as  possible.  Strengthening  the  developer 
is  seldom  effective. 

Prmiing.  Occasionally  it  is  desired  to  print  from  the  negative,  and 
■when  this  is  the  case  the  old  sOver  print  or  glossy  velox  gives  the 
best  results.  It  must  not  be  forgotten,  however,  that  no  printing 
process  reproduces  all  the  details  of  the  negative  without  some  loss, 
and  the  transparent  negative  gives  the  best  image  from  -which  to 
interpret  the  details;  so  that  for  practical  purposes  printing  is  un- 
necessary. ^Moreover,  in  the  print,  the  situation  of  greatest  tissue 
density,  which  is  usually  the  most  interesting  part  of  the  picture,  is 
the  darkest,  while  in  the  negative  it  is  the  lightest — a  point  w^hieli 
has  obvious  advantages.  A  transparency  loses  less  detail  than  a 
print,  l)ut  is  open  to  the  same  objections.  The  best  plan  is  to  use 
the  direct  negative  for  the  examination,  illuminated  by  a  box  with  a 
ground  glass  plate  in  the  front  and  an  electric  light  within,  the  in- 
tensity of  which  can  be  controlled  by  a  rheostat.  Certain  "thin'' 
negatives  show  best  with  feeble  illumination,  so  the  rheostat  control 
is  necessary. 

Uses  of  the  X-ray  in  ocular  practice.  In  the  present  consideration 
the  A'-rays  have  three  principal  uses :  1st.  In  the  treatment  of  various 
ocular  lesions.  2nd.  In  the  diagnosis  of  sinus  disease  or  tumors.  3rd. 
In  the  localization  of  foreign  bodies  in  the  globe  or  orbit. 

Treatment  of  ocular  cliscase  hy  the  X-rays.  A  large  number  of  dis- 
eases of  the  eye  and  its  adnexa  have  been  treated  b}^  exposure  to  the 
rays,  as  epithelioma,  lupus,  trachoma,  sarcoma,  corneal  scars,  detach- 
ment of  the  retina,  cataract,  optic  atrophy,  etc.  Much  of  this  Avork 
has  been  directed  I)}'  the  suggestions  of  experience  in  A'-ray  burns 
and  has  been  along  logical  lines,  and  has  been  attended  by  a  marked 
degree  of  success.  In  other  conditions  the  treatment  has  been  purely 
experimental,  and  evidence  is  wanting  to  establish  its  value.  It  may 
be  said  in  general  that  the  most  favorable  results  have  been  obtained 
in  superficial  malignant  processes — of  which  epithelioma  is  the  best 
instance — in  superficial  ulcerative  processes,  as  in  lupus,  and  in  cer- 
tain milder  proliferations — as  in  keloid,  papilloma  and  trachoma.  In 
all  these  the  action  is  i)rol)ably  by  tlie  ])r()dnction  of  intlammation 
with  breaking  up  of  the  tissues  exposed,  though  a  variety  of  opinions 
are  held  and  the  question  is  by  no  means  settled.  The  treatment  is 
most  apt  to  be  successful  where  the  condition  is  superficial  and  the 
rays  can  be  directly  applied  to  the  diseased  area.  A  special  form 
of  tube  should  be  used,  whi^'li  is  usually  long  and  narrow  and  made 
of  glass  Avhich  contains  a  large  proportion  of  lead,  witli  a  small  area 


14088  X-RAYS 

of  ordinary  glass  in  the  end,  so  that  the  operator  and  the  other  parts 
of  the  patient's  skin  do  not  receive  the  rays.  These  small  tubes  may 
be  applied  directly  to  the  area,  or  a  large  tube  may  be  placed  30  to 
50  cm  a^vav  from  the  patient.  If  a  large  tube  is  used,  the  area  sur- 
roundin.--  the  area  of  disease  should  be  covered  by  a  lead  plate  so  as 
to  avoid\urning.the  tissues.  The  first  exposure  should  be  limited  to 
five  minutes,  though,  if  no  bad  symptoms  occur,  this  may  be  grad- 
ually lengthened  to  ten  or  even  fifteen  minutes.  The  treatments 
should  not  be  given  more  frequently  than  three  times  a  week,  ^  and  if 
there  is  any  indication  of  especial  susceptibility  on  the  patient's  part, 
it  is  better  to  extend  the  time  in  order  to  avoid  a  cumulative  effect. 
While  burns  from  single  exposures  are  very  rare,  in  repeated  ex- 
posures in  the  course  of  treatment,  burns  are  very  apt  to  occur  unless 
the  case  is  handled  with  caution.  The  skin  should  be  carefully 
watched  for  any  redness,  "shiny"  appearance,  or  pigmentation,  and 
any  suspicious  appearance  should  be  the  signal  for  the  cessation  of 
treatment  until  the  symptoms  subside— unless,  indeed,  in  the  opera- 
tor's opinion,  the  treatment  should  be  pushed,  even  at  some  risk. 
Keinboek  describes  four  degrees  of  acute  dermatitis  from  this  cause. 
The  first  appears  twelve  to  sixteen  days  after  exposure,  as  a  rule. 
The  hair  loosens  and  falls  out,  leaving  the  skin  smooth  and  bald. 
Some  months— perhaps  three  or  four— after  the  onset,  complete  re- 
turn to  the  normal  takes  place.  In  cases  of  the  second  degree,  the 
latent  period  is  shorter.  There  is  slight  swelling  with  hyperemia.  The 
skin  becomes  light-red,  then  dark-red,  and  finally  scales  off.  Com- 
plete recovery  ultimately  takes  place,  though  some  pigmentation  may 
remain.  In  the  third  degree,  blisters  or  even  extensive  exfoliation 
may  occur;  while  in  the  fourth  degree  there  is  dry  necrosis  of  the 
tissues.  Recovery  takes  place  only  with  the  formation  of  scar  tissue 
in  the  third  and  fourth  degrees,  and  is  sometimes  extremely  pro- 
tracted. 

The  diagnosis  of  sinus  disease  or  tumors  hy  means  'Of  the  X-rays. 
Recently  numerous  attempts  have  been  made  to  utilize  the  X-rays  in 
the  diagnosis  of  purulent  collections  in  the  frontal,  ethmoidal,  and 
other  sinuses,  and  for  the  purpose  of  locating  and  aiding  in  the  diag- 
nosis of  growths  in  and  near  the  eye  and  orbit.  This  work  presents 
peculiar  difficulties  in  that  the  contrast  in  the  density  of  the  tissues 
concerned  is  not  great,  a  great  thickness  of  tissue  has  to  be  penetrated, 
and,  as  a  rule,  a  "perspective"  view  is  given  which  is  difficult  to 
interpret  on  account  of  the  "forest"  of  bony  structures  seen.  Views 
of  the  frontal  sinuses  and  surrounding  parts  ai-e  best  taken  with  the 
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plate  on  the  table,  the  patient  lying  face  down  upon  the  plate  and  the 
tube  at  a  distance  of  40  em.  above  the  back  of  the  head.  In  this  way 
the  shadows  of  the  anterior  part  of  the  orbits  show  mcst  strongly,  while 
the  structures  farther  back  are  less  definite  and  "shade  off"  so  as  to 
interfere  as  little  as  possible  with  the  picture.  The  tube  is  placed  at 
the  distance  mentioned  for  the  reason  that  the  farther  away  it  is  placed 
the  more  distinct  will  be  the  shadows  cast  by  objects  close  to  the  plate. 
Of  course  the  time  of  exposure  must  be  increased  in  proportion  as  the 
tube  is  withdrawn  from  the  head.  For  negatives  of  this  character,  an 
exposure  of  several  seconds  is  required  depending  on  the  strength  of  the 
coil  used.  The  chief  point  in  the  diagnosis  of  sinus  disease  is  the  dif- 
ference in  density  between  the  affected  side  and  the  other,  which  is 
assumed  to  be  normal,  and  this  point  is  undoubtedly  of  great  value. 
It  must  be  remembered,  however,  that  all  that  can  be  safely  assumed, 
when  one  side  is  darker,  is  that  there  is  a  difference  in  density  between 
the  two  sides;  the  cause  of  this  difference  must  be  inferred  from 
other  symptoms.  On  the  other  hand,  if  both  sides  are  equally  clear,  it 
is  highly  probable  that  the  sinuses  are  free  of  pus  or  other  dense  fluid. 
On  account  of  the  great  variation  in  the  size  of  the  sinuses,  exact 
knowledge  of  their  anatomy  is  in  any  event  of  great  value. 

In  the  diagnosis  of  growths  of  the  orbit  or  its  neighborhood,  it  is 
best  to  take  the  negative  at  an  angle — either  from  the  side,  obliquely 
forward,  or  from  behind  forward — so  as  to  avoid  a  great  thickness  of 
tissue  and  its  resulting  confusion.  Even  unoler  the  most  favorable 
circumstances,  however,  the  results  are  not  always  satisfactory,  and 
the  plates  must  be  interpreted  by  an  experienced  eye  to  be  of  any 
value.  The  density  of  orbital  sarcomata  and  other  growths  is  so  little 
greater  than  the  surrounding  tissue,  and  the  shadow  is  so  masked  by 
the  bony  structures  that  even  when  the  negative  is  of  the  highest  order 
of  excellence  it  is  difficult  to  be  positive  as  to  the  significance  of  the 
appearances.  It  is  best  to  adjust  the  tube  at  such  an  angle  that  as 
clear  a  space  as  possible  is  obtained,  and  then  to  give  as  short  an 
exposure  as  is  possible,  to  secure  the  requisite  penetration.  Osteomata, 
or  variations  in  the  osseous  structures  are,  of  course,  seen  very  well. — 
(E.  S.  T.) 

Valuable  as  is  a  careful  application  of  the  X-ray  in  localizing  ocular 
lesions  and  foreign  bodies  its  defects — generally  of  technique — have 
been  shown  ever  since  it  came  into  general  use.  Two  cases  illustrating 
the  defects  of  the  Rontgen  ray  in  this  respect  were  reported  by  Robert 
Randolph  {Prac.  Med.  SeHes,  Eye,  p.  150,  1912).  In  the  first  instance 
the  foreign  body  was  protruding  from  the  eyeball  behind,  well  out 
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into  the  orbit  and  about  half  an  inch  to  the  nasal  side  of  the  optic 
nerve.  It  was  a  little  thicker  in  one  part,  and  the  part  which  lay  out- 
side of  the  eye  was  emmeshed  in  a  tough  capsule.  Three-fourths  of  it 
lay  without  tlie  eye,  while  the  inner  end  was  sticking  through  the 
retina.  The  man  had  carried  the  steel  in  his  eye  for  nineteen  years 
and  had  suffered  no  inconvenience  other  than  blindness.  Recent  in- 
jury had  taxed  the  eye  beyond  its  endurance,  as  evidenced  by  the 
recurrent  attacks  of  inflamniation,  which  made  impossible  the  further 
retention  of  the  piece  of  steel.  But  for  this  injury  he  no  doubt  would 
have  carried  the  sliver  of  steel  the  rest  of  his  life. 

In  case  two  the  writer  was  almost  certain  that  the  eye  contained 
a  foreign  body,  from  the  character  of  the  corneal  wound,  from  what 
was  apparently  a  wound  of  the  iris  and  from  the  hazy  media.  The 
eye  got  slowly  worse.  The  pupil  became  blocked,  and  after  a  month's 
treatment  there  was  still  pericorneal  redness  and  the  tension  was 
minus.  Before  enucleating  the  eye  two  additional  plates  were  made, 
but  witli  negative  results.  The  eye  was  removed,  and  far  back  in  the 
vitreous,  surrounded  by  a  mass  of  exudate,  was  an  irregularly  shaped 
bit  of  steel. 

The  unreliability  of  A'-ray  localization  in  some  instances  is  illus- 
trated in  a  case  reported  by  Ring  {Oph.  Y car-Book,  1918).  One  X- 
ra,y  plate  indicated  the  foreign  body  well  behind  the  eyeball  near  the 
optic  nerve.  Ophthalmoscopic  evidence  having  been  secured  of  its 
presence  in  the  fundus,  the  picture  taken  by  another  operator  showed 
it  within  the  eyeball,  near  the  nerve  entrance.  The  mistake  of  locat- 
ing a  foreign  body  outside  the  eye,  which  is  really  within  it,  has  been 
made  so  frequently  that  there  would  appear  to  be  a  general  tendency 
in  that  direction.  This  may  be  due  to  failure  to  allow  properly  for 
the  divergence  of  the  rays  casting  the  shadow.  The  diagrams  are 
made  the  size  of  the  eyeball,  but  the  shadow  cast  by  diverging  rays  is 
necessarily  larger. 

Attention  is  called  to  a  still  more  serious  error  of  X-ray  diagnosis 
by  a  case  reported  by  Bachstez.  In  this  case  there  was  much  evidence 
pointing  to  a  tumor  of  the  hypophysis,  and  the  A'-ray  picture  showed 
very  marked  enlargement  of  the  sella  turcica.  On  the  support  of  such 
evidence  a  radical  operation  was  done,  and  the  patient  died  of  basilar 
meningitis.  Post-morten  examination  showed  brain  tumors,  angio- 
sarcomas, chronic  internal  hydrocephalus,  atrophy  of  the  hypophysis 
with  marked  widening  and  deepening  of  the  sella  turcica,  and  atrophy 
of  its  walls. 

As  has  been  said  the  Rontgen  rays  have  been  employed  therapeu- 
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tically  ill  a  great  many  diseases  of  the  eyes.  The  following  instances 
are  among  the  most  successful  and  most  important. 

X-raijs  in  Uastomycetic  dermatitis.  The  Z-rays  form  one  of  the 
most  effective  means,  in  conjunction  with  potassium  iodide  internally, 
of  combatting  this  disease.    See  p.  1013,  Vol.  II  of  this  Encyclopedia. 

X-ray.^  in  tuhcrculosis  of  conjunctiva.  This  therapeutic  application 
of  the  Koentgen  ray  is  probably  the  most  reliable  local  means  (radium, 
perhaps,  excepted)  we  possess  of  curing  these  cases.  See  p.  3066,  Vol. 
IV  of  this  Encyclopedia. 

X-rays  in  tumors  of  the  eychall,  orhit  and  hrain.  Although  radium 
{([.  Y.)  is  now  regarded  as  a  more  coiiveiiieiit,  if  not  more  efficacious, 
agent  in  the  treatment  of  malignant  tumors  of  the  eyeball  and  orbit — 
both  as  a  primary  application  and  to  prevent  recurrence  after  removal 
— yet  the  A'-rays  have  shoAvn  themselves  to  be  a  valuable  adjunct  to 
other  therapeutic  measures.  References  have  alreadj'^  been  made  to 
them  as  a  means  of  diagnosis  in  ocular  neoplasims.  See  e.g.,  Retina, 
Glioma  of  the;  and,  Carcinoma  of  the  orbit,  p.  1412,  Vol.  II  of  this 
Encyclopedia. 

F.  Terrieii  {Archives  d'Oplitalm.,  Sept.,  1916;  review  by  Lawford 
in  the  Br.  Journ.  of  Ophthahn.,  p.  322,  May,  1917),  remarks  that  the 
employment  of  radiography  in  tumors  of  the  brain  has  seldom  proved 
helpful  in  diagnosis.  In  tumors  of  the  hypophysis,  however,  owing  to 
the  alterations  induced  in  the  sella  turcica,  its  diagnostic  value  is  fully 
estabUshed.  Surgical  measures  for  dealing  with  tumors  of  the  hy- 
pophysis are  so  generally  unsuccessful  that  radio-therapy,  in  addition 
to  the  administration  of  suitable  drugs,  is  well  worthy  of  considera- 
tion. This  method  of  treatment  has  been  recommended  by  de  Laper- 
sonne  and  Cantoiinet,  Gramegna,  Beclere,  and  Jaugeas.  The  action 
of  A-rays  on  epithelioma,  sarcoma,  and  lymphoma  in  other  situations 
being  well  known,  it  seems  natural  to  submit  tumors  of  the  hypoph- 
ysis to  their  influence.  A  certain  number  of  cases  have  been  success- 
fully treated  by  this  means. 

Terrien  has  collected  the  published  records  of  hypophyseal  tumor 
treated  by  the  application  of  A"-rays ;  the  number  so  obtained,  includ- 
ing his  own,  is  ten. 

The  technique  followed  by  Terrieii  is  that  described  by  Beclere 
(Journed  de  Radiologic,  1914,  No.  1).  Two  paths  have  been  utilized 
by  which  the  A'-rays  may  reach  the  hypophysis ;  one  from  the  mouth, 
the  other  from  the  surface  of  the  skull.  The  buccal  path  is  the  most 
direct  and  offers  a  relatively  thin  layer  of  obstructing  tissue,  but  the 
size  of  the  buccal  cavity  limits  the  dimensions  of  the  cylinder,  es- 
pecially as  when  in  the  mouth  the  tube  must  be.  directed  oblitiuely 
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upwards.  ^Moreover,  it  is  difficult  to  maintain  the  tube  in  position 
for  any  length  of  time. 

Beclere  advises  that  the  employment  of  the  buccal  path  should  be 
supplementary  to  that  of  the  cutaneous  through  the  front-temporal 
region ;  by  this  latter  method  the  dose  which  reaches  the  tumor  can  be 
doubled  or  quadrupled  by  reason  of  the  many  possible  points  of  ap- 
plication on  the  surface  of  the  skull.  The  best  positions  are  the  two 
temporal  fossie,  owing  to  the  thinness  of  their  bony  wall. 

Although  the  author  gives  a  description  of  the  methods  of  applica- 
tion of  the  A'-rays,  Beclere 's  paper  referred  to  may  be  consulted  for 
more  detailed  instructions,  the  treatment  should  be  undertaken  by  an 
expert  radiographer. 

In  all  the  cases  the  results  of  treatment  were  encouraging ;  in  some 
tlie  improvement  in  the  acuity  of  vision  and  eiilargement  of  the  fields 
Avas  very  marked,  but  in  two  of  the  eight  earlier  cases  the  gain  was 
only  temporary. 

A'-ra3^  treatment  was  adopted  in  two  new  cases.  Perimetric  examina- 
tion after  each  series  of  applications  showed  an  increase  in  the  extent 
of  the  fields,  especially  of  the  left,  with  diminution  and  ultimate  dis- 
appearance of  the  paracentral  scotoma  in  the  right  field. 

If,  as  seems  probable,  radio-therapy  proves  a  valuable  adjunct  to,  or 
in  some  instances  an  effective  substitute  for,  organotherapy,  it  adds 
materially  to  tlie  means  of  dealing  with  a  serious  and  often  intractable 
malady. 

That  radio-therapy  is  applicable  to  all  cases  of  hypophyseal  disease 
need  scarcely  be  contradicted.  Beclere,  from  his  experience,  has 
formulated  certain  indications  and  contra-indications. 

In  the  group  of  cases,  sometimes  termed  the  ophthalmic  type  of 
tumor  of  the  hypopliysis,  in  which  the  symptoms  are  purely  local  and 
due  to  compression  of  contiguous  structures  by  the  growth,  radio- 
therapy should  be  employed;  its  chances  of  success  are  greater  if 
treatment  is  begun  in  an  early  stage,  before  much  destruction  of  nerve 
tissue  has  occurred.  In  the  group  in  which  there  are  also  distant 
trophic  changes,  gigantism  and  acromegaly,  the  employment  of  X-rays 
is  indicated  only  at  the  commencement  and  during  the  progressive 
period  of  the  disease,  i.e.,  during  the  stage  of  hyperplasia  and  hyper- 
pituitarism. In  the  late  stage,  marked  by  an  arrest  of  hyperosteo- 
genesis,  loss  of  muscular  power,  somnolence,  cerebral  torpor,  and  loss 
of  hair,  radio-therapy  is  contra-indicated. 

^^A.  C.  Snell  (Tratis.  Amer.  OphtJuil  Society,  Yol.  XIV,  Part  ii,  p. 
556,  1916)  has  reported  the  treatment  of  an  epibulbar  melanosarcoma 
of  the  limbus  Avhich  completely  disappeared  under  X-ray  treatments. 
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A  man,  aged  30  years,  had  a  dark,  lobiilated  growth  at  the  limbiis 
cornea\  V. =20/20,  although  the  mass  slightly  encroached  upon  the 
inner  edge  of  the  pupil.  The  condition  had  commenced  five  years 
before,  and  had  been  removed  upon  five  different  occasions.  The 
patient,  indeed,  had  been  advised  to  have  the  eye  enucleated  in  case  of 
recurrence.  Between  October  31st,  1913,  and  January  31st,  1914,  the 
X-rays  were  applied  on  tAvelve  occasions,  and  a  saturated  solution  of 
boric  acid  Avas  kept  constantly  flowing  over  the  cornea  during  each 
exposure.  A  medium  soft  tube  was  employed,  two  to  five  minutes 
being  the  time  of  exposure.  The  tube  was  placed  as  close  to  the  eye 
as  the  glass  cone  would  permit.  Improvement  was  noted  after  the 
fourth  treatment,  which  was  discontinued  when  two-thirds  of  the  area 
was  healed.  Six  weeks  after  the  last  application  of  the  A"-rays,  the 
entire  tumor  had  disappeared.  The  cornea  was  clear.  A  few  non- 
elevated  deposits  of  pale-brownish  pigment  extended  from  the  limbus 
into  the  conjunctiva  beyond.  Nineteen  months  after  the  treatment, 
the  patient  was  free  from  trouble. 

The  growth  was  reported  by  E.  A.  Shumway  as  a  meUmotic,  epi- 
bulbar  sarcoma  of  the  limbus. 

von  Hippel  {Am.  Journ.  of  Ophthalm.,  Aug.,  1918)  gives  an  account 
of  the  employment  of  radio-therapy  in  glioma  retina;  and  a  number 
of  other  tumor  cases  of  a  more  superficial  character,  the  nature  of  the 
growth  and  the  character  of  the  result  being  as  follows :  large  round- 
celled  sarcoma  of  the  orbit,  fatal  outcome ;  sarcoma  of  the  lower  lid, 
cure;  adenocarcinoma  of  the  maxillary  antrum  involving  the  orbit, 
patient  still  living  after  two  years  but  final  outcome  uncertain;  car- 
cinoma of  the  lower  lid  involving  the  orbit,  treatment  with  Roentgen 
ray  after  exenteration  of  the  orbit,  one  year  elapsed  without  recur- 
rence ;  carcinoma  involving  both  eyelids  over  the  region  of  the  tear 
sac,  cure;  carcinoma  of  the  lower  lid  involving  the  nose,  failure  to 
arrest,  but  treatment  interrupted;  epibulbar  melanosarcoma,  com- 
pletely successful  result  as  regards  the  tumor,  temporary  injury  to  the 
cornea ;  cornu  cutaneum  of  the  lower  lid,  complete  cure ;  tuberculosis 
of  the  bulbar  conjunctiva  involving  the  lid  margin,  complete  cure. 

X-rays  in  epithelioma  of  eyelids.  See  p.  5004,  Vol.  VII  of  this  En- 
cyclopedia. 

X-rays  in  granular  conjunctivitis.     See  Trachoma. 

X-rays  in  keloid  of  eyelid.    Although  the  treatment  of  this  peculiar 
disease   is  unsatisfactory  the  X-ray   is   about   the   only   therapeutic 
measure  that  has  so  far  accomplished  anything. 
Xylol.     Dimethylbenzene,  a  hydrocarbon  used  chiefly  in  microscopy  as 
a  solvent  and  clarifier.    See  p.  6907,  Vol.  IX  of  this  Encyclopedia. 
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Yarns  of  Holmgren.     See  p.  2448,  Vol.  IV  of  this  Encyclopedjia. 

Yaws.       FRAMI5ESIA.        BUTTOX     SCURVY.        VERRUGA     PERUVIANA.        BUBA. 

Patta.  Framosi.  This  is  an  epidemic  and  contagious  disease,  consist- 
ino-  of  an  eruption  of  yellowish  or  reddish-yellow  tubercles,  which 
gradually  develop  into  a  moist,  exuding  fungus  without  marked  con- 
stitutional symptoms,  or  with  such  only  as  result  from  ulceration  and 
prolonged  discharge,  i.e.,  debility  and  prostration.  Incubation  varies 
from  three  to  ten  'weeks,  and  yaAvs  usually  ouly  occurs  once  in  the 
same  individual.  Yaws  is  distinctly  a  tropical  disease,  depending  for 
its  origin  on  extreme  heat  and  moisture.  The  duration  of  the  disease 
is  from  two  to  six  months,  but  if  neglected  it  may  last  for  several 
years.  The  treatment  consists  of  tonics,  iodide  of  potassium,  and  a 
generous  diet.  In  1905  Castellani  discovered  in  patients  suffering 
from  yaws  a  protozoon,  the  spirochceta  palUdu,  almost  identical  with 
that  now  known  to  be  the  cause  of  syphilis. —  {Standard  Encyclo- 
pedia.) See  Eyelids,  Frambesia  of  the,  p.  .5006,  Vol.  VII,  as  well  as 
Aleppo  button,  p.  217,  \o\.  I  of  this  Encyclopedia. 

Yeast.  See  Cerevisine,  p.  1978,  Vol.  Ill;  also  Deutschmann's  yeast 
serum,  p.  3860,  Vol.  V  of  this  Encyclopedia. 

Yellow.  Yellow  sensation.  Yellow  color.  According  to  Edridge- 
(Ireen  (Proceedings  of  the  Phil.  Socy.,  Mar.  15,  1913),  there  is  no  evi- 
dence of  the  compound  nature  of  the  yellow  sensation,  any  effects  due 
to  considerable  fatigue  are  due  to  the  subtraction  of  the  fatigued  color 
sensation  and  the  superposition  of  the  after-image  on  that  of  the  react- 
ing light.  This  after-image  may  in  certain  conditions  be  seen  more 
clearly  in  the  absence  of  light  than  when  projected  on  a  surface  reflect- 
ing light. 

The  color  of  spectral  light  of  low  luminosity  is  incompatible  with 
any  form  of  the  trichromatic  theory,  but  is  exactly  what  we  should 
expect  on  the  view  that  yellow  is  a  simple  sensation.  If  a  region 
of  pure  yellow  be  isolated  in  a  spectrometer  it  will  appear  yellow  when 
the  luminosity  is  gradually  diminished  until  the  region  appears  color- 
less. The  yellow  appears  less  and  less  saturated  but  does  not  incline 
either  to  green  or  orange.  If  the  yellow  were  compounded  of  a  red 
and  a  green  sensation  it  should  become  greener  on  diminishing  the 
luminosity  because  the  red  of  the  spectrum  disappears  much  sooner 
than  the  green.  The  red  component  of  the  yellow  would  disappear 
whilst  the  green  would  remain.  The  luminosity  is  diminished  by 
moving  the  light  on  a  photometer  bench.     The  same  is  found  with 
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pure  blue  ■which  does  not  incline  to  either  green  or  violet  when  the 
luminosity  is  diminished. 

Yellow-blue  blindness.  Acyanopsia.  Blue  blindness.  Sometimes 
called  violet  bJinchicss.  A  person  aflflieted  with  this  form  of  color-blind- 
ness sees  only  red  and  green,  and  confuses  blue  with  green,  purple 
with  red,  violet  with  gray  and  orange  with  yellow.  See  p.  2429,  Vol. 
IV;  and  p.  1234,  Vol.  II  of  this  EncydopcdkL 

Yellow  color  of  the  lens.  See  Coloration  of  the  human  lens,  p.  2363, 
Vol.  IV  of  this  Encyclopedia. 

Yellow  fever,  Eye  affections  due  to.  The  claim  that  ocular  symptoms 
properly  result  fi'om  this  disease,  aside  from  the  icteroid  discolora- 
tion of  the  conjunctiva"  has  not  been  satisfactorily  established. 

Yellow  glasses.  In  addition  to  what  is  said  on  this  subject  on  p.  2388, 
Vol.  IV  and  under  Amber  glass,  p.  288,  Vol.  I  of  this  Encyclopedia, 
Dye  {L'Ophiahn.  Provincialc,  Feb.  1918)  remarks  that  in  climates 
and  conditions  where  the  glare  of  light  is  great  it  is  a  frequent  custom 
to  use  blue,  dark,  or  ''London  smoke''  glasses,  but  these  have  the  dis- 
advantage of  altering  the  aspect  of  things  and  of  introducing  an 
obstacle,  by  the  reduction  of  light,  in  the  way  of  persons  whose  vision 
is  not  accurate.  It  is  now  some  time  since  Motais  (Angers)  first  advo- 
cated the  substitution  of  yellow  for  dark  glasses.  Persons  troubled 
by  glare,  whether  their  eyes  are  normal  or  in  a  pathological  conditioji, 
find  these  glasses  pleasant  to  wear,  as  they  give  a  sensation  of  calm  to 
the  eyes  and  at  the  same  time,  so  far  from  interfering  with  sight  give 
a  feeling  of  brightness.  He  concludes  that  it  is  not  the  luminous 
intensity  which  determines  the  injury  to  the  eyes,  and  not  the  heat 
rays  which  do  so,  but  the  more  actinic  rays  which  are  responsible. 
He  has  obtained  therefore,  with  a  view  to  the  comfort  of  the  eyes 
in  hot  climates,  etc.,  a  glass  which  will  cut  off  as  many  of  the  rays  at 
the  blueviolet  end  of  the  spectrum  as  possible.  For  use  in  any  arti- 
ficial light  rich  in  yellow  rays  the  glasses  in  his  opinion  ought  to  be 
but  feebly  tinted:  when  there  is  any  lesion  of  the  fundus  which  re- 
duces the  visual  acuteness,  the  further  diminution,  great  when  blue 
or  dark  glasses  are  used,  is  only  very  slight  when  amber  glass  is  em- 
ployed. For  use  in  tropical  countries  the  deeper  shades  of  yellow 
should  be  used.  xVs  an  indication  of  their  value  Dye  gives  the  illus- 
tration of  persons  consulting  a  map  under  the  glazing  Egyptian  sun. 
This  can  hardly  be  done  without  glasses  for  the  glare,  or  with  them 
for  the  loss  of  illumination,  but  is  quite  easy  with  the  yellow  glass. 
They  may  be  made  with  any  focus  required,  convex,  cylindrical,  or 
whatever  is  needed. 
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Yellow  halo.     That  ring  surrounding  the  glaucomatous  excavation  of 

the  nerve  head.  • ,      * 

Yellow  mercuric  oxide.  Yellow  oxide.  See  Mercury,  Yellow  oxide  of, 
p.  7655,  Vol.  X  of  this  Encyclopedia. 

Yellow  ointment.  See  Mercury,  Yellow  oxide  of,  p.  7655,  Vol.  X  of 
this  Encyclopeclia. 

Yellow  precipitate  of  mercury.    See  Mercury,  Yellow  oxide  of. 

Yellow  pyoktanin.  Apyonin.  See  Pyoktanin,  Yellow,  p.  10809,  Vol. 
XIV  of  this  Encyclopedia. 

Yellow  root.     See  Hydrastis,  p.  6075,  Vol.  VIII  of  this  E^icyclopedia. 

Yellow  spot.  Macula  lutea.  In  addition  to  the  material  contained 
in  and  referred  to  on  p.  7572,  Vol.  X  of  this  Encyclopedia,  it  may  be 
added  here  that  one  of  latest  anatomical  and  pathological  studies  of 
the  macula  has  been  made  by  W.  T.  Lister  and  Gordon  Holmes  {Pro- 
ceedings Royal  Soc.  of  Med.,  Sec.  of  Ophthalm..  June,  1916).  They 
believe,  from  these  investigations : 

(1)  The  upper  half  of  each  retina  is  represented  in  the  dorsal,  and 
the  lower  in  the  central,  part  of  each  visual  area.  (2)  The  centre  for 
macular  or  central  vision  lies  in  the  posterior  extremities  of  the  visual 
areas,  probably  on  the  margins  and  the  lateral  surfaces  of  the  occipital 
poles.  (3)  That  portion  of  each  upper  quadrant  of  the  retina  in  the 
immediate  neighborhood  of,  and  including  the  adjacent  part  of,  the 
fovea  centralis  is  represented  in  the  upper  and  posterior  part  of  the 
visual  area  in  the  hemisphere  of  the  same  side,  and  vice  versa.  (4) 
The  centre  for  vision  subserved  by  the  periphery  of  the  retinge  is  prob- 
ably situated  in  the  anterior  end  of  the  visual  area,  and  the  serial  con- 
centric zones  of  the  retina  from  the  macula  to  the  periphery  are  prob- 
ably represented  in  this  order  from  behind  forwards  in  the  visual  area. 

Yellow-vision.     See  Xanthopsia. 

Yellow,  Visual.  Visual  purple  that  has  been  bleached  by  light.  See 
Xanthopsin. 

Yellow  wax.     See  Wax. 

Yohimbin.  This  agent  is  an  alkaloid  found  mostly  in  the  form  of 
the  hydrochloride,  as  white  ci*ystals. 

It  is  derived  from  the  yohimbehe  tree  of  West  Africa.  Claiborne 
and  Coburn  (Wood's  System  of  Ophthal.  Therapeutics,  p.  580)  speak 
of  its  value  as  a  local  anesthetic;  it  occurs  as  white,  silky  crj^stals, 
readily  soluble  in  alcohol,  but  soluble  in  water  only  to  the  extent  of 
2  per  cent.  The  hydrochloride  is  the  salt  usually  employed ;  its  aqueous 
solution  deteriorates  rapidly  and  after  a  week  cannot  be  relied  upon ; 
it  may,  however,  be  preserved  much  longer  by  the  addition  of  a  small 
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amount  of  chloroform.     It  has  been  proved  non-toxic  when  injected 
in  doses  of  25  cc.  of  a  1  per  cent,  solution. 

The  following  conclusions  are  recorded  by  the  authors :  1.  A  2  per 
cent,  solution  of  yohimbin,  either  alone  or  in  equal  mixture  with 
adrenalin  chlorid  1 :1000  solution,  dropped  into  the  conjunctival  cul- 
de-sac  five  or  six  times  in  ten  or  fifteen  minutes,  will  produce  both 
corneal  and  conjunctival  anesthesia.  Marked  anesthesia  of  the  cornea 
lasts  from  thirty  to  forty-five  minutes  after  the  last  instillation;  the 
conjunctival  anesthesia  is  at  no  time  so  profound  as  the  corneal,  and 
disappears  several  minutes  before  the  latter.  2.  There  is  a  slight 
stinging  sensation  immediately  following  the  instillation  which  be- 
comes less  and  less  with  each  instillation,  finally  disappearing  alto- 
gether. 3.  The  eye  becomes  immediately  suffused  and  continues  red 
for  more  than  an  hour  after  the  last  instillation.  4.  There  is  no  widen- 
ing of  the  palpebral  fissure.  5.  There  is  a  moderate  dilatation  of  the 
pupil  which  comes  on  several  minutes  earlier  after  the  last  instillation 
with  adrenalin  and  yohimbin  in  combination  than  with  yohimbin 
alone ;  this  lasts  in  either  case  from  fifteen  to  twenty  minutes,  6.  The 
slight  blurring  of  vision  for  far  and  near  appears  to  be  due  to  spheri- 
cal aberration  rather  than  to  paresis  of  accommodation.  Yohimbin 
alone  or  in  combination  with  adrenalin  is  an  exceedingly  mild  mydri- 
atic. 7.  Adrenalin  when  mixed  in  equal  parts  with  yohimbin  in  2  per 
ceiit.  solution  loses  its  constricting  power  upon  the  blood  vessels  of 
the  palpebral  and  bulbar  conjunctiva.  8.  The  last  mentioned  fact 
suggests  the  idea  that  yohimbin  may  be  an  antidote  to  adrenalin 
chloride.  9.  In  view  of  the  congestion  caused  by  yohimbin,  it  cannot 
be  considered  the  ideal  anesthetic  for  operations  involving  the  con- 
junctiva or  muscles.  10.  As  an  anesthetic  in  cataract  extraction  and 
in  iridectomy  it  would  probably  be  effective.  11.  On  account  of  the 
congestion  produced  by  it,  j-ohimbin  is  inferior  to  cocain  as  an  an- 
esthetic in  all  operations  of  the  eye. 

Young'-Helmlioltz  theory.  See  Young,  Thomas;  as  well  as  Color-sense, 
p.  2426,  Vol.  IV  of  this  Encyclopedia. 

Young's  rule  of  dosage.  Young's  rule  is,  for  children  under  12,  add 
12  to  the  age  and  divide  the  age  by  the  amount  thus  obtained ;  thus  the 
dose  for  8  years  is  8  divided  by  8  plus  12=2-5  of  the  adult  dose. 

Young,  Thomas.  Polymath,  physician  and  physicist,  one  of  the  most 
illustrious  figures  in  the  history  of  all  sciences.  Bom  at  Milverton, 
Somersetshire,  England,  June  13,  1773,  of  Quaker  parents,  he  soon 
displayed  extraordinary  precocity.  At  the  age  of  two,  he  had  learned 
to  read;  at  four,  he  had  read  the  Bihlc  and  Gulliver's  Travels;  when 
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only  six  years  old,  lie  had  begun  to  study  Latin.  About  this  time  he 
Avas  sent  to  a  teacher  at  Bristol,  a  man  of  little  ability  but  under  whom, 
lu'verllioless,  our  o-eiiins  made  iinu'b  proo-ress.     Two  years  afterward 


Thomas  Young. 


lie  was  sent  to  a  school  at  Compton,  in  Dorsetshire,  and  here  he  re- 
mained for  five  years,  pursuing  with  much  success  the  study  of 
physics  and  mathematics,  of  Latin  and  of  Greek,  and  also  of  French, 
Italian,  Hebrew,  Arabic  and  Persian.    He  also,  for  a  time,  while  resi- 
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dent  at  this  school,  was  busy  with  botany,  calligraphy,  and  turning  on 
the  lathe.  With  his  own  young  hands  he  constructed  an  efficient  micro- 
scope and  a  telescope.  In  1786,  he  wrote  an  analysis  of  the  Greek 
schools  of  philosophy. 

From  1787  to  1792  he  Avas  teaching  Greek  and  Latin  to  a  fellow 
student.  In  the  first  three  years  of  this  period  he  read  Homer,  Pindar, 
Epictetus,  Longinus,  ^Eschylus,  Sophocles,  Euripides,  Virgil,  Ovid, 
Terence,  Ciesar,  Sallust,  and  Cicero;  and  he  also  mastered  Simpson's 
Euclid,  conic  sections  in  algebra,  as  well  as  Nicholson's  Introduction 
to  Physics.  By  the  end  of  the  period  he  had  read  Aristophanes,  Simp- 
son's Fluxions,  Newton's  Prindpia  and  Optics,  Shakespeare,  Corneille 
and  Racine.  He  wrote  his  scientific  exercises  in  Latin,  French,  and 
Italian,  and  almost  as  rapidly  and  correctly  as  he  could  have  done  in 
English.    "Whatever  he  read,  he  remembered  with  the  utmost  accuracy. 

Advised  by  his  uncle.  Dr.  Richard  Brocklesby,  a  famous  physician 
and  Fellow  of  the  Royal  Society,  he  decided  to  devote  his  life  and  ener- 
gies to  medicine.  In  the  autumn  of  1792,  therefore,  he  began  to  study 
with  Baillie,  Wm.  Cruikshank,  and  John  Hunter.  One  year  later,  he 
entered  St.  Bartholomew's  Hospital.  One  year  later  still,  he  wrote 
for  the  Royal  Society  ^'Observations  on  Vision,"  in  which  he  took  the 
ground  (1)  that  tlie  adjustment  of  the  eye  from  far  objects  to  near 
could  be  accomplislied  only  b}'  a  change  in  the  shape  of  the  crystalline 
lens  (i.e.,  an  increase  in  the  convexity  of  that  structure)  ;  (2)  that  the 
change  in  question  occurs  as  a  result  of  an  inherent  muscularity,  or 
contractility,  in  the  lens  itself.  Neither  of  the  notions  was  new,  and 
only  one  of  them  was  true.  Descartes  had  taught  the  former  doctrine, 
and  Leeuwenhoeck  the  latter.  The  falsity  of  the  doctrine  that  the 
fibres  of  the  lens  are  muscular  in  character,  was  shown  just  one  year 
later  (1794)  by  Sir  Everard  Home  and  the  optician  Ramsden. 

In  1794,  the  subject  of  this  sketch,  though  only  twenty  years  of  age, 
and  still  but  a  student  of  medicine,  was  made  a  Fellow  of  the  Royal 
Society.  In  the  fall  of  this  year  he  went  to  Edinburgh,  there  to  con- 
tinue his  studies  under  Gregory,  Duncan,  Black,  Monro,  and  John  Bell. 
Here,  too,  he  learned  tlie  flute  and  dancing,  and  received  an  intro- 
duction to  German. 

In  1795  he  proceeded  to  the  Universitj^  of  Gottingen,  where  he  lived 
in  the  house  of  Arnemann,  and  wiiere,  in  addition  to  medicine,  he 
pursued  the  study  of  various  outside  branches.  Thus  it  is  said  that  he 
became  a  noted  character  for  his  skill  in  Avooden-horse  vaulting.  He 
received  the  degree  of  Doctor  of  Philosophy  on  April  30,  1796,  his  dis- 
sertation being  "De  Corporis  Humani  Virihus  Conservatricihus." 
While  at  Gottingen  he  also  wrote  a  "lectio  cursoria"  on  the  human 
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voice  In  this  lie  exhibited  and  expounded  an  alphabet  devised  by 
him  \vhich  consisted  of  forty-seven  letters  and  which  he  regarded 
(perhaps  eorrectlv)  as  being  completely  adequate  for  the  expression 
ill  writing  of  any  sort  or  kind  of  language.  It  was,  in  fact,  mtended 
for  a  universal  alphabet. 

In  1797,  his  maternal  uncle,  the  Dr.  Richard  Brocklesby  already 
mentioned,'  died,  devising  to  Young  his  house,  his  excellent  collection 
of  books  and  the  modest  independence  of  ten  thousand  pounds.  Small 
as  the  fortune  seems,  it  was  quite  sufficient  to  assure  to  the  world 
the  great  discoveries  which  Young  was  afterwards  to  make.  Protected 
from  want,  the  flame  of  genius  burned  steadily.  Young  began  to 
practice  in  London,  at  48  Welbeck  Street  (an  address  which  he  re- 
tained for  nearly  a  quarter  of  a  century)  and  never  allowed  himself 
to  be  so  rushed  with  practice  but  that  his  highly  original  experiments, 
cogitations,  and  literary  efforts  could  proceed  unhampered.  The 
bounty  of  Richard  Brocklesby  had  been  well  bestowed. 

In  1799  Young  published  a  paper  on  sound  and  light,  in  which  he 
revised  the  undulatory  theory  of  light,  and  placed  that  theory  on  a 
permanent  foundation. 

In  1801  he  published  his  chief  ophthalmologic  work,  "The  Mech- 
anism of  the  Eye:'  In  this  remarkable  contribution  to  the  world's 
knowledge,  he  developed  the  science  of  perimetry  almost  (though  not 
quite)  al)  initio  and  to  a  very  high  degree.  The  ancients  had  given 
a  little  attention  (of  a  vague  and  desultory  character)  to  defects  in  the 
visual  field,  and  Mariotte,  in  1666,  had  discovered  what  today  is  called 
"the  blind  spot  of  Mariotte."  In  1708,  too,  Boerhaave  had  written  a 
very  little  on  scotomata,  both  positive  and  negative:  and  that  was 
the  whole  extent  of  the  science  of  perimetry  until  the  time  of  Thomas 
Young.  Young  also  described  an  original  "optometer,"  based  on 
Father  Scheiner's  experiment,  by  which  our  knowledge  of  refraction 
and  accommodation  was  considerably  advanced.  For  example,  it  was 
by  this  instrument  that  Young  made  the  astounding  discovery  of 
ocular  astigmatism.  He  did  not,  however,  (for  the  truth  must  be  ad- 
mitted), completely  understand  the  value  of  his  own  discovery.  He 
did  not,  for  one  thing,  perceive  the  connection  of  this  refractional 
error  with  the  various  symptoms  of  eye-strain.  Nor  did  he  understand 
that  astigmatism  could  exist  in  the  cornea  as  well  as  in  the  lens. 
Neither  did  he  think  of  the  correction  of  this  unnatural  condition  by 
means  of  cylindrical  lenses.  He  did,  however,  lay  the  foundation  for 
all  our  future  knowledge  of  this  highly  important  subject,  and,  but  for 
him,  Gersen  (in  1810)  could  not  have  shown  the  occurrence  of  astig- 
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matism  iu  the  cornea,  or  Airy  (in  1827)  have  devised  the  means  of  its 
correction  by  means  of  cylindrical  lenses.* 

In  1802  Young  published  almost  as  great  a  work  as  that  just  men- 
tioned. It  was  called  "On  the  Theory  >of  Light  and  Colors,"  and  in 
this  book  he  placed  on  an  even  more  secure  foundation  than  he  had 
done  before  the  so-called  wave,  or  undulatory,  theory  of  light.  Des- 
cartes had  thought  that  the  passage  of  light  through  space  takes  place 
instantaneously  "as  a  blind  man  feels  with  a  stick."  Newton  had, 
with  almost  equal  error,  propounded  the  corpuscular  theory,  i.e.,  the 
teaching  that  light  is  caused  by  the  bombardment  of  the  retina  by 
very  minute  corpuscles  emitted  from  the  luminous  body.  Huygens, 
in  1G78,  declared  the  fundamental  principles  of  the  wave  theory,  the 
view,  that  is,  that  light  is  produced  by  the  impact  on  the  retina  of 
waves  in  a  so-called  ' '  luminous  ether ' ' — a  fluid  of  inconceivable  light- 
ness and  elasticity.  This  theory  was  wholly  disregarded  till  the  middle 
of  the  following  century,  when  the  wonderful  blind  mathematician, 
Euler  (q.  v.),  developed  and  clarified  it.  Still,  however,  the  undula- 
tory theory  lay  neglected.  Then  came  Young,  who  developed  it  still 
further,  brought  it  to  general  attention  and  gave  it  a  permanent  place 
in  physijai  and  other  scientific  literature. 

In  this  same  book  Young  first  propounded  the  theory  that  the 
existence  of  the  various  colors  depends  on  differences  in  the  rapidity  of 
the  different  lengths  of  liglit-waves.  He  also  declared  that,  according 
to  liis  belief,  the  retina  is  capable  of  perceiving,  primarily,  but  three 
kinds  of  colors — red,  yellow  and  blue,  and  that  the  perception  of  all 
the  other  kinds  of  colors  depends  on  the  various  proportions  in  which 
these  primary  color-perceptions  are  blended.  This  view,  which  is  called 
"the  Young  theory  of  color  vision"  was  afterwards  modified  and 
elaborated  by  Helmholtz  into  the  so-called  ' '  Young-Helmholtz  Theory ' ' 
(q.  v.). 

In  1807,  Young  published  "A  Course  of  Lectures  in  Natural 
Philosophy  and  the  Mechanical  Arts/'  one  of  the  greatest  scientific 
compositions  of  all  time.  In  this  immensely  valuable  work  one  of  the 
most  impoi-tant  parts  is  the  discussion  of  color-blindness  (Vol.  II,  p. 
315)  in  which  he  refers  the  achromatopsia  of  Dalton  not  (as  Dalton 
had  done)  to  a  dark-blue  color  of  the  vitreous  humor,  but  to  an  ab- 
sense  from  the  retina  of  all  those  fibres  whose  function  is  the  percep- 
tion of  red.  In  this  work,  too,  the  author  first  propounds  the  electro- 
magnetic theory  of  light,  i.e.,  in  the  following  language:    "The  rapid 


The  name,  "astigmatism,"  Ave  owe  to  Wliewell   (q.  v.). 
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trau«mis.si()ii  of  tlie  electric  aliock  shows  that  the  electric  medium  is 
])ossessed  of  an  elasticity  as  great  as  is  necessary  to  be  supposed  for 
the  propagation  of  light.  Whether  the  electric  ether  is  to  be  considered 
the  same  with  the  luminiferous  ether,  if  such  a  fluid  exists,  may  per- 
haps at  some  future  time  be  discovered  by  experiments;  hitherto  I  have 
iiol  been  able  to  observe  that  the  refractive  power  of  a  fluid  undergoes 
any  change  by  electricity." 

Then,  also,  in  this  work  is  treated  the  principle  of  the  interference 
(if  light,  perhaps  Young's  greatest  performance.  Grimaldi  (q.  v.)  had, 
ill  ]()65,  first  discovered  the  principle  in  question,  yet  had  made  but 
little  of  it.  Young,  practically,  discovered  it  all  anew,  gave  to  it  its 
TuU  validity,  i)roved  its  truth  beyond  all  manner  of  question,  and 
showed  the  ditt'erent  conditions  under  which  the  various  phenomena 
of  interference  can  occur.  The  expression  itself,  ''interference  of 
light,"  is  Young's. 

Young  also,  in  the  section  entitled  "On  Vision,"  provides  the  best 
description  of  the  eye  and  exposition  of  its  numerous  functions  that 
the  world  had  ever  seen. 

Young's  other  important  contributions  to  science — outside,  that  is, 
our  special  field— we  cannot  here  discuss.  Suffice,  therefore,  the  state- 
ment that  he  made  important  and  lasting  discoveries  in  connection  with 
the  motions  of  the  pendulum,  with  weights  and  measures,  with  as- 
tronomy, with  the  expectancy  of  human  life.  One  of  his  chief  extra- 
medical  discoveries  was  made  in  the  domain  of  Egyptian  hieroglyphics. 
He  established  the  hieroglyphic  values  of  p,  t,  i,  and  n,  and  made  pos- 
sible the  further  achievements  of  Champollion. 

To  retrace  our  steps  a  little— Young  did  not  receive  until  1803  the 
degree  of  M.B.,  and  his  M.D.  not  till  1808.  In  the  last  named  year 
he  was  also  made  a  Fellow  of  the  Royal  College  of  Physicians.  In 
1811  he  became  physician  to  St.  George's  Hospital.  In  1822  his  por- 
trait (reproduced  herewith)  was  painted  by  Sir  AVm.  Lawrence.  In 
1807  he  married  Miss  Eliza  Maxwell,  with  whom  he  lived  most 
happily. 

Young  died  May  10,  1829,  aged  56,  worn  out,  it  seems,  by  over- 
application.    He  was  buried  at  Farnborough. 

Young  w^as  never  very  popular  either  with  his  students  or  with  the 
iniblie.  The  former  found  him  dry  and  tedious  and  much  too  learned 
for  their  limited  capacities ;  the  latter  found  him,  at  least  while  try- 
ing to  minister  to  the  afflicted,  altogether  too  diffident  and  shy.  He 
seems,  furthermore,  to  have  been  a  little  lacking  in  the  sense  of  humor. 
All  this,  however,  merely  goes  to  show  that  even  Thomas  Young,  being 
lunnaii,  had  limitatioiis. 
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111  addition  to  the  works  above  meiitioiied,  Young  wrote:  "Inirodiic- 
tion  to  Medical  Literature"  and  a  "Treatise  on  Consumptive  Dis- 
eases" (1815),  neither  of  which  was  of  much  value.  He  also  con- 
tributed to  the  ''Supplement"  of  the  '.'Encyclopcelia  Britannicei" 
more  than  sixty  useful  articles,  as  well  as  a  number  of  still  more  useful 
ones  to  the  ''Quarterly  Review."— [T.  II.  S.) 
Yperized  eye.  See,  also,  Toxic  amblyopia.  Under  the  foregoing  cap- 
tion, U.  Bonnefon  {Aitnahs  d'Oculist.,  Vol.  156,  p.  577,  1919;  abst. 
Am.  Journ.  Ophfhalm..  p.  5-l;l,  1920)  reports  his  experience  with  eyes 
aft'ected  by  diehlorcthyl  sulphate.  He  distinguishes  3  periods:  (1) 
The  initial  or  irritative,  (2)  period  of  retention,  (3)  terminal. 

(1)  Tliis  stage  may  be  delayed  several  liours.  There  is  hyperemia 
(if  the  conjunctiva,  less  pronounced  than  in  the  ease  of  chloriii  gas, 
and  the  pain  present  is  less  severe.  There  is  a  clonic  contraction  of 
the  orbicularis.  The  patient  walks  witli  his  hands  covering  liis  eyes. 
The  cornea  is  never  involved. 

(2)  Tliis  stage  develops  over  night.  Tiie  patient  awakens  blinded, 
owing  to  edema  and  infiltration  of  the  lid  and  conjunctiva  and  the 
exudate  from  all  the  glands  of  the  lid  and  cul-de-sac.  The  lids  are 
glued  together  by  the  exudate  upon  the  margins  of  the  lid,  which 
rapidly  dries  and  mats  the  cilia  together.  The  culs-de-sac  are  dis- 
tended Avith  fluid,  and  the  ball  is  bathed  in  a  mixture  of  tears,  exu- 
date and  debris.  The  picture  is  exactly  that  of  a  purulent  conjunc- 
tivitis in  the  edematous  stage.  On  attempting  to  force  the  lids  apart,  a 
yellow  fluid  spurts  from  betAveen  them,  followed  by  a  cry  of  pain 
from  the  patient  and  the  forcible  contraction  of  the  orbicularis. 
Opened  by  gentle  means,  the  cornea  is  seen  to  be  intact. 

DraAving  the  lids  away  from  the  ball,  the  conjunctiva  of  the  latter 
is  seen  to  be  of  a  Avine-red  color,  Avith  a  distinct  line  of  demarcation 
Avhere  the  margins  of  the  lids  toucli  the  ball,  more  i)roiiouneed  beloAv 
than  above.  This  injection  gradually  fades  aAA'ay  inferiorly  so  that  the 
horizontal  meridian  seems  to  be  outlined  by  tAvo  bands  of  anemic  con- 
junctiva. These  bands  diminish  rapidly  in  size,  terminating  long 
before  reaching  the  canthi.  The  culs-de-sac  are  intensely  injected  and 
edematous.  This  edema  may  extend  on  tOAvard  the  reddened  area  of 
the  bulbar  conjunctiva,  along  the  palpebral  orifice,  so.  that  a  chemotic 
area  is  inserted  sometimes  betAveen  the  lids  and  becomes  caught. 

(3)  After  24  hours  of  compresses  and  lavage,  Avith  careful  toilet  of 
the  cilia,  the  eye  becomes  greatly  improved,  only  the  hyperemia, 
lachrymation,  and  photophobia  persisting,  until  in  a  week  the  patient 
is  convalescent.  In  scA'ere  cases,  hoAvever,  the  symptoms  persist,  and 
the  photophobia  and  lachrymation  are  accentuated.     The  Meibomian 
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glands  secrete  to  such  an  extent  that  the  margins  of  the  lids  appear 
to  be  covered  with  zinc  oxide  ointment.  Hordeola  and  chalazia  appear, 
the  latter  having  a  marked  tendency  to  suppurate.  These  conditions, 
especially  the  photophobia  and  lachrymation  may  last  weeks. 

Corneal  involvement  in  man  never  takes  the  form  of  a  burn,  but 
always  of  a  keratitis,  and  is  due  to  microbic  invasion  during  the  second 
stage,  when  the  retained  fluid  causes  maceration  of  the  corneal  epithe- 
lium.' Another  cause  is  the  anesthesia  of  the  cornea  caused  by  instilla- 
tion of  cocain,  according  to  official  orders.  Corneal  involvements  take 
the  form  of  (a)  simple  ulcer,  (b)  circumscribed  abscess  of  the  cornea, 
(c)  hypopyon  keratitis,   (d)  pneumococcic  serpigenous  ulcer. 

In  only  one  case  in  30,000  was  there  hypertension. 

The  treatment  consists,  in  the  first  stage  of  liberal  and  frequent 
lavage.  Hot  compresses  for  the  pain.  Second  stage— frequent  lavage 
to  remove  retained  fluid  and  cleansing  of  the  cilia.  Avoidance  of  all 
■collyria,  especially  cocain.  Third  stage— alkaline  douches  have  no 
effect,  and  isotonic,  and  bicarbonate  solutions  seem  to  accentuate  the 
irritation.  Cocain  and  adrenalin  are  temporarily  palliative.  The  best 
results  were  obtained  by  the  author  Avith  a  mixture  of  saturated 
aqueous  solution  of  sodium  sulphate  800  gr.,  syr.  simple,  200  gr.,  with 
Avhich  the  eyes  were  bathed  for  ten  minutes,  2  to  4  times  a  day. 
Yperman,  Jehan.  A  Flemish  physician,  of  the  first  half  of  the  14th 
century,  of  moderate  ophthalmologic  importance.  Born  in  poverty, 
late  in  the  13th  century,  he  managed  to  secure  an  extensive  surgical 
education  under  Lisfranc  at  the  College  of  St.  Come,  in  Paris.  In 
1303,  or  1304,  he  settled  in  his  native  town  of  Ypern,  East  Flanders. 
For  a  time  he  seems  to  have  suffered  much  adversity.  For  a  brief 
period  he  seiwed  as  army  surgeon.  Returning  to  practice,  however, 
he  prospered  exceedingly,  so  great,  in  fact,  became  his  reputation 
that,  according  to  Hirseh,  at  the  present  day,  in  Flanders,  his  name  is 
employed  generically  in  the  sense  of  "an  unusually  skilful  physician." 
Yperman  seems  to  have  been  especially  dextrous  in  cataract  depression. 
(The  extraction  operation  was  not  invented  till  1748.    See  Daviel.) 

Yperman  wrote  four  medical  works,  all  in  Latin :  two  on  materia 
medica,  one  on  internal  medicine,  and  one  on  surgery.  In  the  latter 
book  are  to  be  found  a  number  of  ophthalmologic  observations. — 
(T.  H.  S.) 
Y-rays.  These  are  of  the  nature  of  X-rays ;  they  are  given  off  by 
thorium  and  uranium  also,  and  are  about  100  times  more  penetrating 
than  the  b,  being  cut  down  to  half  value  by  6  to  7  cm.  of  glass  or 
aluminum,  and  they  will  pass  through  almost  everything,  even  7  cen- 
timetres of  lead,  before  being  reduced  to  1  per  cent,  of  their  original 
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strength.     As  a  matter  of  fact  99  per  cent,  of  the  total  energy  of 
radium  is  due  to  the  a  rays,  the  b  and  y  being  responsible  for  the  re- 
mainder.    The  quantity  of  these  (y)  rays  must  be  so  small  that  the 
therapeutic  effects  of  radium  cannot  be  due  to  them. 
y.s.     A  contraction  for  yellow  spot   (the  macula  lutea). 

Z. 

Zacharias,  Master.  A  Salernian  oculist  of  the  12th  century,  who  seems 
to  have  been  a  man  of  importance  in  his  day,  but  concerning  whom 
we  have  but  little  knowledge.  He  studied  for  three  years  at  Con- 
stantinople with  Theophilus,  who  seems  to  have  been  body-physician  to 
the  Emperor  Emmanuel.  Returning  to  Salerno,  he  practised  and 
taught  there,  and  also  wrote  a  brief  work  entitled,  "Liber  Ocidoriim, 
qui  Vacatur  Sisilacera,  id  est  Secreta  Secret orum." 

This  little  volume  (as  obscurely  written  as  it  is  brief)  is  divided 
into  three  ' '  Books ' ' :  The  first  of  these  treats  of  ocular  diagnosis 
and  the  underlying  principles  of  oculistic  treatment ;  the  second,  of 
the  causes  of  eye-diseases  and  the  special  therapy  of  each  disease ;  the 
third  is  a  badly  arranged  collection  of  prescriptions. 

Zacharias  w^as  a  boaster  of  the  "brass-horn"  type,  and,  apparently, 
a  money-grabber  as  well.  Thus,  it  would  seem  that  he  required  an 
ounce  of  gold  for  a  single  day's  treatment  of  a  diseased  cornea.  He  also 
appears  to  have  been  a  quack  of  the  P.  T.  Barnum  variety,  for  he 
recommends  that,  when  a  chalazion  has  been  removed,  the  oculist 
should  declare  that  this  was  a  worm  which  would  eventually  have 
destroyed  the  eye. —  (T.  H.  S.) 

Zainab.  An  Arabian  woman  oculist  who  probably  lived  before  the  time 
of  ]\Iohammed.  All  we  realh^  know  about  her  is  contained  in  the  fol- 
lowing passage  from  Usaibia :  "Zainab,  the  woman  physician  of 
the  Benu  And  was  wise  in  operations,  experienced  in  the  treatment  of 
eye  diseases  and  wounds,  and  was  therefore  famous  among  the 
Arabians.' —(T.  H.  S.) 

Zaleucus.  A  celebrated  philosopher  and  law  giver,  a  pupil,  accord- 
ing to  some,  of  Pythagoras,  and  certainly  the  author  of  the  first  collec- 
tion of  written  laws  ever  promulgated  in  Greece.  By  this,  the  Zaleu- 
cian  Code,  the  punishment  for  adultery  consisted  in  the  destruction 
of  both  the  adulterer's  eyes.  A  son  of  Zaleucus  having  been  found 
guilty  of  adultery,  the  father  destroyed  but  one  of  his  eyes,  suffering 
the  loss  of  the  other  eye  himself  in  order  that  the  son  "might  not 
wholly  walk  in  darkness."  (See  ^lianus,  Varim  Historice,  xiii,  24; 
also  Valerius  Maximus,  Fact,  ct  Diet.,  v.  5,  3.)  — (T.  H.  S.) 
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Zapfen.     (G.)     Cones. 

Zaraath.  (H.)  See  Leprosy,  Ocular  relations  of,  p.  7426,  Vol.  X  of 
this  Encyclopedia. 

Zarrin-Dast.  See  Abu  Ruh.  bin  Mansur  bin  Abi  Abdallah  bin  Mansur 
alyamani. 

Zehender,  Karl  WiUielm  von.  A  famous  German  ophthalmologist, 
founder  of  the  well-known  ''Klimschc  Monatshlatter  filr  Augenkeil- 
kiondc,"  and  a  co-founder  of  the  Ophthalmologische  Gcssellschaft. 
Born  at  Bremen,  May  21,  1819,  he  studied  at  Munich,  Jena,  Kiel  and 
Gottingen;  at  the  last-named  university  receiving  his  medical  degree 
in  1845.  xVfter  a  brief  period  of  practice  as  a  country  physician,  he 
served  as  military  surgeon  in  the  War  against  Denmark.  Returning 
to  civil  life,  he  studied  ophthalmology  with  Friedrich  Jaeger  in 
Vienna  and  A.  von  Graefe  in  Berlin.  For  a  time  he  practised  as 
ophthalmologist  in  Neustrelitz,  and  in  1862  removed  to  Bern  to  accept 
the  full  professorship  of  ophthalmology  in  the  university  at  that 
place.  In  1863  he  founded  the  "Klinische  Monatshlatter,"  which,  how- 
ever, was  published  at  Stuttgart.  In  the  very  same  year,  he,  together 
with  A.  V.  Graefe,  Arlt,  Bonders,  Hess  and  Horner,  founded  the 
Heidelberg  Ophthalmological  Society,  the  first  local  ophthalmological 
society  in  the  world.*  Until  1895,  for  22  years,  he  was  editor  of  the 
"Versammlungshcrichte"  of  this  society.  In  1866  he  was  called  to 
the  full  professorate  at  Rostock,  w'here  he  taught  for  many  j^ears.  He 
died  Dec.  31,  1916,  well  advanced  in  his  98th  year. 

Von  Zehender 's  more  important  ophthalmic  w-ritings  are  as  fol- 
lows: 1.  Die  Beleuchtung  des  Innereden  Auges.  (v.  Graefe 's  ArcMv, 
I.)  2.  Beobachtungen  bei  Artifieieller  Mydriasis  {Ih.,  II.)  3.  Ueber 
Heterocentrische  Glasspiegel  als  Augenspiegel.  {Ih.,  II.)  4,  Ueber 
die  Brewster 'sehe  Methode  zur  Bestimmung  der  Brechungsexponen- 
ten  Fliissiger  oder  Festweicher  Substanzen.  (/&.,  III.)  5.  Extirpa- 
tion eines  Orbitaltumors  mit  Erhaltung  des  Augapfels.  {Ih.,  IV.) 
6.  Historische  Notiz  zur  Lehre  vom  Blinden  Fleck.  {Ih.,  X.)  7.  Die 
Accommodations-  und  Refractions- Anomalien.  (Zehender 's  Klin. 
Momtshl.,  1866.)  8.  Rlickblicke  auf  die  Erfolge  der  Carotis-Unter- 
bindung  bei  Pulsirenden  Orbitalgeschwiilsten.  {Ih.,  1868.)  9.  Ueber 
die  Einfhrung  des  IMetrischen  Systems  in  die  Lehre  von  den  Refrac- 
tions-Anomalien  des  menschl.  Auges.  {Ih.,  1873.)  10.  Die  Erniihrung 
der  Linse.  {Ih.,  1874.)  11.  Handbuch  der  Oesammten  Aiigenheil- 
Jcunde.  (2  vols.,  3.  Aufl.  1874-76,  Stuttgart.)  12.  Lehrhuch  der  Augen^ 
heilkunde  filr  Studirende.    (Stuttgart,  1879.)     13.  Ein  Vierspiegel- 

*_The  American  Oplithalmologieal  Society  was  fomided  in  January  of  the  fol- 
lowing year. 
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Apparat  zur  Bestiminung  des  Convergeuzwinkels  der  Gesichtslinien. 
(Zehender's  Klin.  Monatshl,  1884.)  — (T.  H.  S.) 

Zeiss'  glands.  The  sebaceous  follicles  of  the  eye  lashes  are  known  as 
the  glands  of  Zeiss.    See  Anatomy  of  the  eye. 

Zeiss'  interpupillary  measurer.  This  instrument  is  also  known  by  the 
name  of  Hertel  (Graefe's  Archiv  f.  Ophthal.,  p.  176,  1906)  who  has 
described  it.     See  the  cut  on  p.  6542,  Vol.  IX  of  this  Encyclopedia. 

Zeozon.  A  trade  name  for  a  salt  or  derivative  of  esculin  (from  the 
horse  chestnut),  used  in  ophthalmic  practice  for  staining  the  cornea. 
F.  Pincus  {Archiv.  f.  Augenhcilkunde,  73,  p.  291)  remarks  that 
zeozon,  a  monoxid-derivative  of  the  glycosid  esculin,  found  in  the 
bark  of  the  horse  chestnut,  was  introduced  by  Unna  in  the  form  of  a 
paste  for  the  protection  of  the  skin  against  undesirable  effects  of  sun- 
light. Ruhemann  has  used  zeozon  water,  a  0.3  to  0.5  per  cent,  solu- 
tion of  the  orthooxid  derivative  of  Unna's  preparation  with  boric 
acid,  in  40  cases  as  eye  water  against  glaring,  and  reported  that  all 
distressing  symptoms  disappeared  after  4  instillations  per  day. 

At  the  instance  of  C.  Hess,  Pincus  investigated  the  properties  of 
zeozon  experimentally.  He  found  by  spectrographic-photographic 
methods  that  a  thick  layer  of  zeozon  water  absorbs  the  ultra-violet 
rays,  but  this  it  will  not  do  in  thin  layers.  His  experiments  on  rab- 
bits proved  without  exception  that  instillations  of  zeozon  water  into 
the  eye  are  not  capable  of  protecting  this  in  any  way  against  the 
action  of  ultra-violet  rays,  a  result  which  with  consideration  of  the 
physical  conditions  of  absorption  of  the  rays  of  light  by  fluids  and 
the  physiological  processes  following  the  introduction  of  fluids  into 
the  conjunctival  sac  is  to  be  expected.  He  therefore  warns  us  against 
relying  on  the  protection  by  zeozon  water  against  glaring. 
See,  also,  Aqua  zeozoni,  p.  545,  Vol.  I  of  this  Encyclopedia. 

Zerstreuung.     (G.)     Dispersion. 

Zerstreuungskreise.     (G.)     Circles  of  dispersion. 

Zeune's  law  of  blindness.    See  Vol.  II,  page  1198,  of  this  Encyclopedia. 

Ziegler  Magazine  for  the  Blind.  See  p.  270,  Vol.  I ;  and  p.  6524,  Vol. 
IX  of  this  Encyclopedia. 

Zinc.  Zinc  salts.  Zinc  compounds  in  ophthalmic  practice.  Prepa- 
rations of  zinc  salts  have  from  the  earliest  times  been  used  in  oph- 
thalmic surger}'  and  are  prescribed  either  directly  as  such  or  are 
ordered  in  such  chemical  combinations  as  produce  them.  They  are 
all  valuable  astringents  and  when  judiciously  employed  (weak  solu- 
tions and  ointments  are  preferable  at  least  for  Americans!)  are  of 
signal  value  especially  in  most  forms  of  subacute  and  chronic  con- 
junctival catarrh.     The  chief  eompounds  from  the  ophthalmic  stand- 
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point  are  the  sulphate,  chloride,  borate,  oxide,  acetate,  salicylate, 
sozoiodolate,  iodide  and  permanganate,  all  of  which  are  separately 
discussed  in  tlie  alphabetical  list.  All  of  them,  as  has  been  frequently 
remarked,  act  as  specifics  in  diplobacillary  or  angular  conjunctivitis. 

Most  soluble  zinc  salts  are  incompatible  with  alkalies,  cyanides,  lime 
water,  sulphates,  sulphides,  and  nearly  all  the  vegetable,  astringent 
decoctions  and  infusions. 

A  Duane  uses  zinc  chloride  or  zinc  sulphate  in  varying  degrees  of 
concentration,  either  alone  or  combined  with  boric  acid,  in  chronic 
conjunctivitis  of  unknown  origin,  when  an  astringent  effect  seems 
desirable,  and,  of  course,  in  diplobacillus-conjunctivitis.  On  the 
whole  he  has  been  disappointed  in  the  action  of  zinc  in  conjunctival 
catarrh  and  finds  many  people  who  cannot  bear  it  even  in  very  weak 
solutions.  A  favorite  combination  with  him  is:  Acid,  boric.  Sod. 
borat.  aa,  0.50;  Zinc,  sulph.,  0.06;  Aqua3  dest.,  15.00. 

For  the  relief  of  the  smarting  and  occasional  pain  following  the 
use  of  collyria  made  with  zinc  sulphate,  zinc  chloride  and  other  sol- 
uble zinc  salts  H.  V.  Wiirdemann  advises  the  addition  of  1/2  per  cent, 
antipyrin  or  chloretone  to  these  mixtures. 
Zinc  acetate.  Zincum  aceticum,  P.  G.  ZnCCoHgO,),.  This  salt  is 
made  from  commercial  zinc  oxide,  acetic  acid  and  water,  and  is  found 
in  pharmacy  as  white,  soft,  pearly  scales  or  plates  with  an  acetous 
(idor  and  sliarp,  metallic  taste.  It  is  very  soluble  in  water;  less  so  in 
alcoliol. 

Owing  to  its  solubility  it  is  useful  in  collyria  and  may  be  used,  like 
the  sulphate  and  chloride,  where  zinc  salts  are  re(iuired.  A  solution 
containing  a  half  to  two  grains  to  the  fluid  ounce  of  water  is  the 
usual  collyrium  for  chronic  conjunctivitis. 

A  mixture  of  zinc  acetate  1  part  and  alumnol  (q.  v.)  4  parts  lias 
been  recommended  as  a  good  antiseptic.     Its  trade  name  is  zinol.    It 
is  reported  to  be  useful  in  the  Morax-Axenfeld  and  other  forms  of 
conjunctivitis  in  one-fourth  to  one  per  cent,  aqueous  solution. 
Zinc  biborate.    See  Zinc  borate. 

Zinc  borate.  Zinc  tetroborate.  Zinc  biborate.  Zinc  pyroborate. 
Zn  B^O-.  Tliis  is  a  white,  amorphous  powder,  very  little  soluble  in 
water.  It  is  used  like  zinc  oxide  as  a  dusting  powder  and  in  10  per 
cent,  salves  in  eczema  of  the  lids  and  in  mild  forms  of  blepharitis. 
When  collyria  containing  zinc  sulphate  are  ordered  with  free  boric  acid 
small  quantities  of  the  borate  are  probably  formed. 
Zinc  chlorid.  Zn  CI..  This  is  a  whitish,  crystalline  powder,  or  it  is 
found  as  opaque  tablets^or  rods ;  very  deliquescent.  It  is  odorless,  has 
a  very  caustic  taste  and  is  solul)le  in  less  than  half  its  weight  of  water. 
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In  addition  to  the  use  of  this  agent  as  a  paste  for  eseharotic  pur- 
poses in  the  treatment,  of  warts,  malignant  tumors  and  granular  tissue 
about  the  eye  and  for  the  destruction  of  the  lachrymal  sac,  it  is  by 
some  surgeons  employed  in  weak  solutions  (one-fourth  of  a  grain  to 
the  ounce,  or  1:500  to  2,000)  as  an  antiseptic  and  astringent  in  affec- 
tions (especially  tlie  conjune-tivitides)  of  the  external  eye.  In  com- 
mon with  the  milder  zinc  salts  it  is  almost  a  specific  in  the  Morax- 
Axenfeld  infection.  Burgeois  and  others  regard  still  stronger  solu- 
tions (1:100  to  20)  as  of  great  value  for  injecting  the  lachrymal  sac 
in  dacryocystitis,  especially  Avhen  that  disease  is  complicated  with 
corneal  ulcer. 

Harold  Gifford  ad^dses  brushing  or  swabbing  the  everted  lids  in 
gonorrhoeal  ophthalmia  with  a  2  per  cent,  solution  of  zinc  chloride 
instead  of  silver  nitrate.  He  exercises  care  not  to  have  the  solution 
run  into  the  sac  and  believes  that  employed  in  this  fashion  twice  a 
day  it  is  superior  to  tlie  silver  salts  as  an  anti-gonococcic  remedy. 

Zinc-chloride  double  salt  of  dimethyl-toluthionine.    See  Toluidine  blue. 

Zinc  diiodopara-phenosulphonate.     See  Sozoiodole-Zinc. 

Zinc,  Flowers  of.    See  Zinc  oxide. 

Zinc  iodide.  Zincum  iodatum,  P.  G.  Zn  I..  This  is  a  white,  granular, 
odorless  crystalline  powder,  with  a  sweetish  but  sharp  metallic  taste. 
It  is  very  deliquescent,  decomposes  readily  and  soon  acquires  the  taste 
and  smell  of  iodine.    It  is  soluble  in  water  and  alcohol. 

Iodide  of  zinc  is  astringent  and  antiseptic  and  may  be  employed 
like  other  zinc  salts  in  the  treatment  of  various  external  diseases  of 
the  eye.    Its  usual  dose  is  one-fifth  to  one  per  cent,  in  water. 

Zinc  iontophoresis.  H.  M.  Traquair  {OpliihaJmic  Review,  p.  1,  Jan., 
1914)  gives  a  full  account  of  this  method  in  the  treatment  of  purulent 
keratitis  (with  nlcus  corncce).  He  follows  the  plan  of  Wirtz.  See 
Ionic  medication,  p.  6574,  Vol.  IX,  as  well  as  Cataphoresis,  p.  1438, 
Vol.  II  of  this  Encyclopedia.  Traquair  has  employed  the  remedj'  in 
a  large  number  of  cases  and  regards  the  main  points  to  be  considered 
are  the  following : 

1.  Although  special  apparatus  is  required  the  technique  is  very 
simple. 

2.  An  electrode  1.5  mm.  in  diameter  and  shaped  like  a  thermo- 
cautery is  very  convenient.  "With  this  size  a  dose  of  1.5  ma.  for  1.5 
minutes  is  enough. 

3.  Care  should  be  taken  to  treat  thoroughly  every  portion  of  the 
advancing  edge  of  the  ulcer. 

4.  The  difficult  parts  to  treat  are  those  where  the  undermining  is 
very  deep  and  the  overhanging  tissue  thick  and  tough,  and  the  in- 
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fet'ted  i'oci  sometimes  seen,  which  project  like  buds  deeply  into  the 
cornea.  These  spots  should  be  scraped  with  the  zmc  point  with  a 
dose  not  above  0.5  ma.  for  0.5  minutes. 

5.  Generally  speaking  the  smallest  efficient  dose  shoidd  always  be 

used. 

G  AVhen  the  process  is  not  checked  it  is  because  the  causal  or- 
ganisms have  not  been  properly  got  at,  not  because  they  have  proved 

resistant. 

7.  Pain  may  occur,  either  immediately  following  the  application 
or  some  days  afterwards,  in  this  case  due  to  iritis.  Eucain  ointment 
for  the  former  and  atropin  for  the  latter  have  proved  successful  reme- 
dies.    Only  in  exceptional  cases  is  the  treatment  followed  by  severe 

pain. 

8.  The  method  is  certainly  efficient  for  mild  and  moderately  severe 

ulcers. 

9.  More  experience  is  required  .before  it  can  be  said  that  zinc  ion- 
tophoresis is  an  unfailing  remedy  in  severe  cases.  It  has  certainly 
produced  results  as  good  as,  or  better  than  might  have  been  expected 
from  the  cautery  in  those  severe  cases  in  which  it  has  been  used. 
With  or  without  paracentesis  it  would  appear  to  be  suitable  for  those 
advanced  cases  in  which  the  condition  of  the  coraea  renders  cauteriza- 
tion inadvisable. 

10.  The  eye  may  remain  red  for  longer  than  usual  after  the  ulcer 
.  is  healed  but  this  circumstance  does  not  indicate  any  serious  condi- 
tion, and  may  be  neglected. 

11.  The  healthy  corneal  tissue  adjoining  the  ulcer  is  not  destroyed 
as  it  is  by  the  cautery,  with  the  result  that  thinner  and  less  extensive 
scars  are  produced. 

12.  As  far  as  can  be  judged  from  the  evidence  at  hand,  the  average 
vision  obtained  is  superior  to  that  following  cauterization. 

Zinc  oxide.    Flowers  of  zinc.    Zn  0.    This  salt  is  a  faint,  yellowish- 
white,  amphorous  powder,  insoluble  in  water. 

This  preparation  of  zinc  used  alone  is  practically  inert  except  that 
it  forms  a  useful  protective  where  the  epithelium  is  removed  from 
the  skin  or  a  mucous  membrane.  Mixed  with  oily  substances  or  in- 
corporated with  salves  it  is  a  useful  adjunct  and  as  such  does  good 
service  in  various  forms  of  blepharitis  and  eczema  of  the  lids.  For 
this  purpose  it  mixes  well  with  ichthyol,  starch  and  petrolatum,  the 
most  useful  proportion  with  the  last  named  being  from  2  to  10  per 
cent.  Fick's  formula  for  moist,  eczematous  patches  on  the  lids  prob- 
ably produces  some  zinc  salicylate :  Zinc  oxidi,  1.0  (gr.  xv)  ;  Acid, 
salicylic,  0.1  (gr.  iss)  ;  Vaselini,  10.0  (oiiss). 
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In  ehroiiic  ulcerative  l)]epharitis  L.  D.  Brose  prefers  the  application 
of  the  following  ointment.  Before  applying  it  the  crusts  are  removed 
from  the  lid  edges  at  night  with  tar  soap :  Pulv.  sulphur,  precip.,  01. 
cardini,  Pulv.  ziuci  oxidi,  aa  1.00;  01.  oliva\  2.00;  Lanolin,  9.00. 

Zinc  permanganate.  Zn  (MnOJ,.  This  salt  occurs  as  dark,  violet- 
brown,  hygroscopic,  crystalline  granules,  similar  in  appearance  to  per- 
manganate of  potassium  and,  like  it,  used  as  an  antiseptic  and 
astringent  wash.  It  is  employed  as  a  bactericidal  collyrium  in  1 :1000 
•  to  500  solutions  and  should  from  its  chemical  composition  be  very 
useful  clinically.  The  Editor  has  prescribed  it  with  much  benefit  as 
a  1 :3,000  solution  for  the  home  irrigation  of  the  nasal  duct  following 
operation  for  the  relief  of  lachrymal  stricture. 

Zinc  phenolsulphonate.    See  Zinc  sulphocarbolate. 

Zinc  pyroborate.    See  Zinc  borate. 

Zinc  salicylate.  This  salt  crystallizes  in  long,  satiny  needles  with  a 
sweetish,  styptic  taste.  It  is  soluble  in  20  parts  of  cold  water ;  more 
soluble  in  alcohol  and  ether. 

Zinc  salts.    See  Zinc. 

Zinc  sozoiodolate.    See  Sozoiodole-Zinc. 

Zinc  sulphanilate.  Nizin.  This  agent  is  a  zinc  salt  of  sulphanilic  acid, 
introduced  by  Burroughs,  AVellcome  &  Co.  It  is  a  neutral,  white, 
crystalline  substance;  readily  soluble  in  \vater,  recommended  by  Syd- 
ney Stephenson  in  diplobacillary  conjunctivitis  and  in  ulcers  of  the 
cornea  associated  with  that  affection,  when  employed  as  a  solution 
containing  one  to  three  grains  to  the  ounce  of  distilled  w'ater.  He 
regards  it  as  an  efficient  substitute  for  the  zinc  chloride  in  common 
use. 

Zinc  sulphate.  White  vitriol.  Zincum  sulphuricum.  Vitiolum  al- 
bum. Zn  SOi-|-7H.O.  From  the  ophthalmic  viewpoint  this  is  the 
best  known  salt  of  zinc.  It  closely  resembles  magnesium  sulphate 
(Epsom  saltc),  occurring  in  large  colorless  crystals  that  slowlj^ 
effloresce  in  air.  It  is  very  soluble  in  water;  insoluble  in  alcohol;  and 
is  an  irritant  poison 

The  sulphate  is  generally  regarded  as  the  ideal  zinc  salt  for  oph- 
thalmic use.  It  is  prescribed  in  solutions  of  from  one  to  500  to  two 
per  cent.  All  the  soluble  zinc  salts  act  as  specifics  in  the  Morax- 
Axeyfeld  conjunctivitis,  but  as  they  are  decided  irritants  one  should 
hesitate  to  employ  them  in  other  conjunctival  diseases  except  in  the 
weakest  solutions  and  generally  in  combination  with  other  agents. 
In  simple  conjunctivitis  a  1:1,000  solution  in  distilled  water  has 
proved  quite  strong  enough.  For  such  purposes  as  injection  of  the 
sac  for  dacryocystitis   one  to   three   per   cent,   solutions   are   recom- 
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mended.  Zinc  sulphate  is  also  used  as  a  one  per  cent,  ointment  with 
vaseline  and  other  bases. 

In  the  various  forms  of  catarrhal  conjunctivitis  Hirschberg  uses 
plain  solutions  with  distilled  water,  from  1 :1,000  to  1 :100,  according 
to  the  desired  astringent  effects. 

It  may,  of  course,  be  combined  with  other  adjuvants  and  correc- 
tives. For  example:  Zinc,  sulphatis,  0.5  (gr.  vii)  ;  Tinct.  opii,  1.0 
(gtt.  xv)  ;  Aqua^  dest.,  150.0   (fl.liv,  flov)  ;  Aqufe  foeniculi,  50.0   (fl5J, 

ojss). 

E.  A.  Dial  suggests  that  if  to  every  pmt  of  boric  acid  colly rium 
two  grains  of  zinc  sulphate  be  added  it  would  increase  its  efficacy 
in  simple  hyperemia  and  catarrh  of  the  conjunctiva. 

For  the  hyperemia  of  the  conjunctiva  and  the  irritative  symptoms 
that  sometimes  accompany  refractive  errors  and  occasionally  persist 
after  they  have  been  properly  corrected,  Hanford  McKee  prescribes 
a  collyrium  containing  one-sixteenth  of  a  grain  of  zinc  sulphate  to 
the  ounce  of  water. 

As  a  commentary  on  the  irritant  action  of  zinc  salts  on  the  eye, 
especially  when  instilled  in  strong  solutions,  H.  Gjessing  {Norsk  Mag. 
f.  Laegevid.,  Aug.,  1915)  mentions  acute  glaucoma  following  an  in- 
stillation of  1  per  cent,  zinc  sulphate,  preceded  by  a  local  anesthetic 
(2  per  cent,  holocain  hydrochloride).  Gjessing 's  patient  was  a  man 
of  79  subject  to  acute  attacks  of  glaucoma  of  the  type  known  as 
glaucoma  with  intermittent  hemostasis.  The  tension  in  the  eye  had 
been  53  mm.  of  mercury.  Both  holocain  and  zinc  cause  transient 
hyperemia  in  the  conjunctiva. 

The  Editor  believes  that  the  alleged  action  of  holocain  in  causing 
or  helping  to  cause  acute  glaucoma  is  probably  a  coincidence.  Know- 
ing that  any  local  irritant  may  precipitate  a  pending  attack  of  glau- 
coma it  is  also  conceivable  that  the  zinc  in  the  mixture  may  have 
had  that  effect.  That  2  per  cent,  holocain,  which  causes  compara- 
tively little  local  reaction,  and  is  not  a  mydriatic,  should  be  re- 
sponsible for  a  glaucoma  is  highly  improbable. 
Zinc  sulphocarbolate.  Zinc  sulphophenate.  Zinc  phenosulphonate. 
Zn  (CeH^SOJo+SHgO.  This  preparation  appears  as  clear,  colorless, 
columnar  crystals,  or  as  a  fine,  white  powder,  very  soluble  in  water 
or  alcohol.  It  is  a  stimulant-astringent  and  is  occasionally  employed 
in  1:200  of  distilled  water  in  infections  of  the  anterior  ocular  seg- 
ment, especially  in  chronic  diplobacdllus  inflammations. 

L.  B.  Brose  advises  the  following  mixture  as  a  collyrium  in  simple 
catarrhal  conjunctivitis,  two  drops  to  be  put  into  the  eye  four  times  a 
day:  Zinci  sulphocarbolatis,  0.02;  Sol.  adrenalin  chloridi  (1:1000), 
0.33 ;  Acidi  borici,  0.13 ;  Aqua?  camphoras,  Aqufe  dest.,  aa  4.00. 


ZINC  SULPHOPHENATE  14113 

Zinc  sulphophenate.     See  Zinc  sulphocarbolate. 

Zinc  teroborate.    See  Zinc  borate. 

Zincum  aceticum.     See  Zinc  acetate. 

Zincum  chloratum.    See  Zinc  chloride. 

Zincum  iodatum.    See  Zinc  iodide. 

Zincum  sulfuricum.     See  Zinc  sulphate. 

Zinn,  Arterial  circle  of.  An  arterial  network  from  tlie  pial  sheath  of 
the  optic  nerve  ana.stomoses  with  a  cireumpapillary  network  in  the 
sclera.  The  latter  is  derived  from  the  short  posterior  ciliary  arteries 
and  is  called  the  arterial  circle  of  Zinn. 

Zinn,  Johann  Gottfried.  A  distinguished  German  anatomist,  w'ho  dis- 
covered the  annular  ligament  of  Zinn,  and  for  whom  that  structure 
(as  well  as  the  zonula  of  Zinn,  which  he  did  not  discover)  is  named. 
Born  at  Ansbach,  Germany,  Dec.  4,  1727,  he  studied  both  at  Ansbach 
and  in  Gottingen,  at  the  latter  institution  receiving  his  medical  degree 
in  1749.  He  at  once  proceeded  to  Berlin,  where,  for  several  years, 
he  studied  anatomy  and  botany,  laying  broad  and  deep  the  founda- 
tions on  which  his  reputation  as  an  anatomist  will  rest  secure  forever. 
In  our  especial  field  his  most  important  discoveries  were  made  in  con- 
nection with  the  iris  and  ciliary  body,  the  lens  and  the  ocular  system 
of  nerves.  In  1753  he  removed  to  Gottingen,  to  accept  the  chair  of 
medicine  in  the  University  as  well  as  the  directorship  of  the  Gottingen 
Botanical  Gardens.  In  Gottingen  he  died  April  6,  1759,  aged  only  32. 
His  most  important  writings  are:  1.  De  Diiferentia  Fabricae  Oculi 
Humani  et  Brutornm.  {Ahh.  d.  K.  Societlit  der  Wissensch.  zu  Got- 
tingen, IV.  B.)  2.  Observationes  quaedam  Botanicae  et  Anatomicae 
de  Vasis  Subtilioribus  Oculi  et  Cochleae  Auris  Internae  ad  illustr, 
Werlhofium.  (Gottingen,  1753.)  3.  Programma  de  Ligamentis  Cilia- 
ribus.  (/&.,  1753.)  4.  Dcscriptio  Anatomica  Oculi  Humani  Iconihus 
Illustiata.  (His  masterpiece;  Gottingen,  1755.)  5.  Dcscriptio  Plan- 
tarum  Tlorti  et  Agri  Goettingensis.   {Ih.,  1757.)- — (T.  H.  S.) 

Zinn,  Ligament  of.  The  suspensory  ligament  of  Zinn  is  a  name  for  the 
zonula  of  Zinn;  the  annular  ligament  of  Zinn  is  quite  another  affair, 
being  the  common  tendon,  situated  at  the  apex  of  the  orbit  and  from 
which  the  recti  muscles  take  their  origin.  The  latter  organ  is  also 
described  under  several  appropriate  captions. 

Zinn,  Zonula  of.    See  Zonula  of  Zinn. 

Zinol.     See  Alumnol,  p.  280,  Vol.  I;  also  Zinc  acetate. 

Ziska.  A  blind  Bohemian  general,  whose  name  is  said  to  mean  "the 
one-eyed."  His  real  name  was  John  Trocznow.  Having  lost  an  eye 
in  battle,  he  was  re-christened  "the  monocular."  At  the  siege  of 
Rahab,  he  lost  the  remaining  eye.  The  story  of  this  calamity  runs 
as  follows :    "He  had  reduced  the  town  of  Rahab  to  extremities,  when, 
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as  lio  was  viewing  a  part  uJi  the  works  whore  he  intended  an  assault, 
an  arrow,  shot  from  the  wall,  struck  him  in  his  remaining  eye.  The 
wound  being  thought  dangerous,  the  surgeon  of  the  army  proposed 
his  being  carried  to  Prague,  where  he  might  have  the  best  advice; 
in  reality,  however,  they  were  afraid  of  l)oing  cut  to  pieces  by  the 
troops,  if  lie  should  die  und(>r  their  liands.  When  his  removal  to  the 
caintal  was  i-esolved  on,  it  was  difficidt  to  check  the  contest  among 
llie  soldiers,  who  strove  for  the  honor  of  carrying  their  wounded 
general.  At  Prague  the  arrow  was  extracted,  which,  being  barbed, 
tore  out  the  eye  with  it,  and  it  was  feared  that  the  fever  which 
succeeded  Avould  prove  fatal;  his  life,  however,  though  with  diffi- 
culty, was  saved.  As  a  result  of  tliis  accident  he  was  condemned  to 
total  darkness  for  the  remainder  of  his  life,  but  the  sequel  proved 
that,  like  Sain]ison,  he  was  more  destructive  to  the  enemies  of  his 
coniilry  after,  than  before,  liis  l^lindness,  because  Ziska,  as  he  con- 
linucd  to  be  called  even  after  the  loss  of  the  second  eye,  won  many 
l)attles,  and  was  even  renowned  for  his  own  personal  prowess.  For 
an  account  of  all  these  engagements,  as  Vvcll  as  for  the  wonderful  Avays 
in  which  this  very  resourceful  blind  man  dealt  with  the  numerous 
conspiracies  against  him,  we  refer  the  reader  to  the  various  histories 
of  Bohemia.— (T.  H.  S.) 

Zitternder  Staar.     (G.)     Tremulous  cataract. 

Zodiacal  light.  The  name  given  to  a  singular  appearance  seen  after 
sunset  or  before  sunrise,  at  all  seasons  of  the  year  in  low  latitudes. 
It  is  obviously  due  to  illuminated  matter  surrounding  the  sun  in  a 
very  fiat  lenticular  form,  nearly  coinciding  with  the  plane  of  the  sun's 
equator,  and  extending  to  a  distance  from  the  sun  greater  than  that 
of  the  earth,  since  its  apex  is  often  seen  more  than  90°  from  the  sun. 
The  common  explanation  of  the  phenomenon  is  that  it  consists  (like 
tlie  rings  of  Saturn)  of  an  immense  assemblage  of  small  cosmic  masses, 
sucii  as  are  continually  encountering  the  earth  in  the  form  of  aerolites 
or  meteorites. —  {Standard  Encyclopedia.) 

Zoetrope.  Thaumatrope.  This  is  a  scientific  toy  by  which  several  pic- 
tures of  objects  or  persons  in  various  positions  are  combined  into  one 
visual  impression,  so  as  to  give  the  appearance  of  movement  or  life. 
It  consists  of  a  hollow  cylinder,  closed  at  the  lower  end,  supported 
on  a  vertical  axis  in  the  center  of  that  end.  Round  the  interior  of 
the  cylinder,  in  its  lower  part,  is  a  band  of  pictures  of  the  same 
object,  but  varied  in  succession  according  to  the  varied  steps  of  the 
movement  intended  to  be  shown.  Round  the  upper  part  is  a  series 
of  narrow  slits,  equal  in  number  and  opposite  to  the  pictures.  On 
revolving   the   cylinder   rapidly    and   looking   through   these   slits   as 
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lliey  pass  the  eye,  the  iigures  ot*  the  picture  appear  as  one  moving- 
figure.  The  kinetoscope  and  kinematograph  are  developments.  When 
the  images  are  reflected  successively  from  mirrors,  giving  the  appear- 
ance of  a  person  or  animal  in  motion,  it  is  called  the  praxinoscope. — 
{Standard  Encydopcdki.)     See,  also,  Kinetoscope. 

Zoiatria.     Zoiatrics.     Veterinary  practice. 

Zollner's  lines.    See  p.  10133,  Vol.  XIII  of  this  Encyclopedia. 

Zona  ophthalmica.    Herpes  zoster  ophthalmicus. 

Zone,  Ciliary.  See  Corneoscleral  margfin,  p.  3523,  Vol.  V  of  this  Ency- 
clopedia. 

Zone,  Interpalpebral.  That  part  of  the  cornea  and  scleral  conjunctiva 
not  generally  covered  by  the  lids;  that  portion  of  the  eyeball  seen 
in  the  normal  eye  when  the  person  is  looking  straight  forward. 

Zone,  Nuclear.  That  region  in  the  lens  substance,  along  the  equator, 
where  growth  of  the  (nuclei  of  the)  lenticular  cells  takes  place. 

Zone  of  the  choroid,  Capillary.  Choriocapillaris.  See  Capillary  zone 
of  the  choroid,  p.  1388,  Vol.  II  of  this  Encyclopedia. 

Zone  of  Zinn.     The  Zonula  of  Zinn. 

Zone,  Pericorneal.  The  circumcorneal,  pinkish,  vascular  zone  seen  in 
iritis  and  some  other  acute  diseases  of  the  uveal  tract. 

Zone,  Pupillary.  The  inner  of  the  two  zones  of  tlie  iris.  See  Anatomy 
of  the  eye. 

Zone  therapy.  One  of  the  later  systems  of  pseudo-therapeutics,  in- 
cluding an  alleged  cure  of  ocular  affections,  deserves  attention  here 
only  because  of  the  prominence  and  publicity  which  have  been  given 
to  it  by  such  magazines  as  ''Everybody's,"  ''The  Strand,"  "The 
Associated  Sunday  Magazines,"  and  "Every  Week."  The  method  is 
discussed  in  extenso  in  a  book  by  William  H.  Fitzgerald,  M.  D.,  (the 
discoverer)  and  Edwin  F.  Bowers,  M.  D.,  published  in  1918  by  I.  W. 
Long,  of  Columbus,  Ohio,  and  entitled  "Zone  Therapy,  or  Relieving 
Pain  and  Disease." 

The  fundamental  postulate  of  this  "zone  therapy"  is  that  the  body 
is  divided  into  therapeutic  pressure-zones,  five  on  each  half  (right 
and  left)  of  the  anterior  surface  and  an  equal  number  on  the  pos- 
terior. "Pressure  applied  upon  the  corresponding  zones"  deadens 
pain  "in  more  than  98  per  cent."  of  the  cases,  and  "when  zone 
pressure  relieves  pain  it  likewise  tends  to  remove  the  cause  of  the 
pain,  no  matter  where  this  cause  originates." 

The  method  is  declared  to  be  at  least  free  from  all  danger.  Whether 
this  statement  is  wholly  true  maj^  be  hereunder  inferred. 

The  following  parts  of  the  subject  would  seem  to  be  of  especial 
interest  to  ophthalmologists.    "That  aching  head.    The  next  time  you 
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have  a  lieadaoho,  iustead  of  attcmptinj?  to  paralyze  the  nerves  of 
sensation  Avith  an  opiate,  or  a  eoal-tar  ' pain-deadener, '  pnsh  the  head- 
acne  out  through  tlie  top  of  your  head.     It's  surprisingly  easy. 

"It  merely  requires  that  yon  press  your  thumb— or,  better  stdl, 
some  smooth  broad  metal  surface,  as  the  end  of  a  knife-handle— 
firmly  against  the  roof  of  the  mouth  as  nearly  as  possible  under  the 
Inittlo  ground— and  hold  it  tliere  for  from  three  to  five  minutes— by 
tlie  wcitc'h.  .  .  .  Headaches  and  neuralgias,  of  purely  nervous 
origin,  not  due  to  poison  from  toxic  absorption  from  the  bowels,  or 
to  constipation  or  alcoholism,  tumors,  eye-strain,  or  some  specific  or- 
ganic cause,  usually  subside  under  this  pressure  within  a  few  min- 
utes.    'Tis  as  easy  as  lying. ' ' 

In  the  treatment  of  goitre  by  zone  therapy,  "a  thin  probe,  the 
point  of  which  is  wrapped  in  cotton  dipped  in  a  little  alcohol,  spirits 
of  camphor  or  camphor  water  (these  seem  to  increase  the  'impulse') 
is  passed  through  the  nostrils  to  the  posterior  or  back  wall  of  the 
pharynx.  Pressure  is  made  in  various  spots  'low  down'  on  this  wall 
(a  little  practice  will  determine  almost  the  exact  spot  to  probe),  until 
a  definite  sensation  is  felt  in  the  region  of  the  goitre.  ...  In 
addition  to  the  treatment  on  the  pharyngeal  wall,  pressure  may  be 
made  upon  the  joints  of  the  thumbs,  first  and  second  fingers.  Or,  if 
the  goitre  is  a  very  broad  one  and  extends  over  into  the  fourth  zone, 
the  ring  finger  must  also  be  employed.  A  moderately  tight  rubber 
band,  worn  upon  these  fingers  for  ten  or  fifteen  minutes  three  or 
four  times  daily,  will  also  help.  Kubber  bands  may  also  be,  worn 
Avith  benefit  upon  the  toes  governing  the  zones  involved.  ...  If 
the  theory  of  eye-strain  causation  of  goitre  is  true — and  it  seems  quite 
likely  that,  in  many  cases,  it  may  be — pressure  therapy  may  logically 
be  looked  for  to  give  satisfactory  results.  For  the  effects  of  eye-strain 
can  undoubtedly  be  relieved  by  pressure  exerted  on  the  first  and  second 
fingers. ' ' 

In  the  chapter  entitled,  "Finger  pressures  for  eye  troubles,"  the 
book  runs  on  as  follows :  "If  your  eyes  pain,  close  them  lightly — or 
leave  them  open,  if  you  prefer — and  squeeze  tightly  the  knuckles  of 
the  first  (or  index)  fingers  of  both  hands.  Occasionally,  if  the  eyes 
are  set  far  apart  and  extend  over  into  the  third  zone,  the  second  (or 
middle)  finger  must  be  included  in  this  digital  embrace.  But  as  a 
general  rule  pressure  on  the  upper  and  lower  surfaces,  as  well  as  on 
the  sides  of  the  first  and  second  fingers  will,  within  five  minutes, 
relieve  the  pain  of  eye-strain.  .  .  .  Yet  we  have  cured  optic 
neuritis  by  making  pressures  over  the  first  and  second  fingers,  and 
over  the  inferior  dental  nerve—where  it  enters  the  lower  jaw  bones. 
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For  the  benefit  of  physician  readers  I  should  like  to  add 
that  in  treating  eye-strain,  conjunctivitis,  sties,  granulated  [sic!] 
eyelids,  and  eye  conditions  generally,  pressures  made  with  a  blunt 
probe  on  the  mucu-cutaneous  margins  (where  the  skin  joins  the 
mucous  membrane  in  the  nostrils)  affects  the  second  division  of  the 
ophthalmic  nerve,  and  assists  materially  in  bringing  about  a  favorable 
influence  in  eye  troubles." 

The  very  small  kernel  of  truth  involved  in  all  tliese  matters  need 
not  be  pointed  out  to  ophthalmologists. —  (T.  H.   S.) 

Zone,  Visual.  A  term  used  in  skiascopy  (q.  v.)  to  designate  that  im- 
portant area  in  the  center  of  the  pupil  that  has  about  the  same  point 
of  reversal. 

Zonula  of  Zinn.  Suspensory  ligament.  Zone  or  zonula  of  Zinn. 
Zonula  cillvris.  This  structure  is  described  and  depicted  on  p.  377, 
Vol.  I,  as  well  as  on  p.  5963,  Vol.  VIII  of  this  Encyclopedia.  It 
should  not  be  confounded  with  the  annular  ligament  of  Zinn — the  com- 
mon tendon  from  which  the  recti  muscles  arise  at  the  apex  of  the  orbit. 
V.  Carlini  (Graefe's  Archiv  f.  Ophthalm.,  Vol.  82,  I,  1912;  abstract 
in  Annals  of  Ophthalm.,  p.  785,  Oct.,  1912)  does  not  regard  the 
zonula  of  Zinn  in  the  light  of  a  membranous  formation  but  as  a  com- 
plicated system  of  fibers  arising  from  the  surface  of  the  retina  ciliaris, 
most  of  the  fibers  inserting  in  the  lens  capsule.  The  space  traversed 
b.Y  the  fibers  is  part  of  the  posterior  chamber  and  is  filled  with  ocular 
fluid. 

2.  The  posterior  chamber  is  bounded  in  front  by  the  iris,  internally 
by  the  lens  capsule,  externally  by  the  retina  ciliaris,  behind  by  the 
vitreous.  The  zonula  fibers  divide  the  chamber  into  three  portions : 
1,  an  anterior  portion  without  fibers  (prezonular  space  of  Czermak, 
or  real  posterior  chamber)  ;  2,  a  portion  traversed  by  zonula  fibers 
(zonula  space  of  Czermak,  canal  of  Petit  of  some  authors,  Hannover's 
canal)  ;  3,  a  facultative  portion  behind  the  zonula  fibers  (post?;onular 
space,  canal  of  Petit  of  some  authors). 

3.  In  the  structure  of  the  zonula  he  differentiates,  with  Garnier, 
principal  and  auxiliary  fibers.  The  principal  fibers  arise  from  the 
orl)iculus  ciliaris  and  the  ciliary-  processes,  and  from  three  main 
bundles  (anterior,  middle,  and  posterior  bundle  of  Salzmann),  w'hich 
insert  into  the  lens  capsule.  They  correspond  to  the  fibrte  orbiculse 
and  ciliocapsulares  of  Czermak.  The  auxiliary  fibers  are  of  two  varie- 
ties: those  which  strengthen  the  principal  fibers,  and  those  which 
connect  more  or  less  distant  portions  of  the  retina  ciliaris.  The  latter 
correspond  to  the  fibne  orbieulociliarcs  and  fibni3  inter-  and  intra- 
ciliares  of  Czermak,  and  the  association  fibers  of  Terrien. 
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4.  The  zonula  fibers  for  the  most  part  rim  in  a  meridional  direction. 
However,  circular  fibers  also  exist  (Ulrich,  Arnold,  Claeys,  Berger, 
Salzmann). 

5.  The  zonula  fibers  decussate  before  reaching  the  capsule,  the  fibers 
arising  posteriorly  from  the  orbiculus  ciliaris  and  ciliary  depressions 
inserting  into  the  anterior  surface  of  the  lens,  the  fibers  coming  from 
in  front  of  the  processes  going  to  the  equator  and  posterior  lens  sur- 
face. The  decussation,  however,  is  only  partial,  some  fibers  passing 
directly  from  the  anterior  and  posterior  portions  of  the  retina  ciliaris 
to  the  anterior  and  posterior  lens  capsule  respectively. 

6.  Tlie  zonula  fibers  are  colorless,  straight,  of  glassy  appearance, 
and  contain  )io  nucleus.  The  stronger  fibers  result  from  a  coalescence 
of  finer  fibers;  the  delicate  fibers  which  undergo  no  further  division 
are  the  primitive  fibrilliw  Chemically  the  zonula  fibers  resemble  elastic 
fibers,  but  they  lack  the  resisting  capacity  of  elastic  fibers.  The  zonula 
fibers  exhibit  no  characteristic  staining  qualities.  Nuclear  stains  are 
not  accepted.  However,  they  take  the  elastic  fiber  stain  (orcein — 
Unna,  Taenzer,  Livini;  and  resorcin-fuchsin — Weigert)  but  not  to  the 
degree  observed  in  the  intima  of  arteries.  They  also  stain  by  Weigert 's 
neuroglia  method,  JMueller's  fibers. remaining  unstained. 

The  zonula  fiber  must,  therefore,  be  regarded  as  a  special  variety  of 
fiber,  although  resembling  the  elastic  and  neuroglia  fiber  chemically 
and  in  staining  qualities. 

7.  The  retina  ciliaris  (pars  ciliaris  retina;)  extends  from  the  ora 
serrata  to  the  iridociliary  angle,  and  consists  of  two  layers  of  cells, 
an  outer  pigmented,  and  an  inner  unpigmented.  The  external  layer 
is  the  direct  continuation  of  the  pigmented  layer  of  the  retina.  The 
inner  corresponds  to  the  nine  remaining  layers  of  the  physiologic 
retina.  Both  layers  consist  exclusively  of  cells,  of  elements  entirely 
homogeneous. 

Neither  nucleated  supporting  fibers  (as  Berger  asserts),  nor  Ter- 
rien  's  anuclear  fiber  structure  occur  in  either  layer. 

The  lamina  vitreas  of  the  choroid  continues  beyond  the  ora  serrata 
and  forms  the  vitreous  membrane  of  the  ciliary  body,  or  external 
vitreous  membrane.  It  is  a  fibrillary  structure  representing  a  con- 
densation of  the  supporting  connective  tissue  elements. 

8.  The  lamina  vitrea  interna  Bruecki  (hyaloid  membrane  of  the  pars 
ciliaris  retina)  is  the  direct  continuation  of  the  limitans  interna 
retinai. 

9.  By  far  the  great  majority  of  zonula  fibers  originate  from  the  pars 
ciliaris  retinfp.     The  fibers  can  be  followed  onlv  as  far  as  the  lamina 
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vitrea  interna,  which  must,  therefore,  be  regarded  as  the  real  place  of 
origin.    A  few  finer  fibers  arise  from  the  vitreous. 

10.  The  zonula  fibers  are  seen  just  in  front  of  the  ora  serrata  with 
the  first  eiliaiy  epithelial  cells,  becoming  more  numerous  in  the  direc- 
tion of  the  ciliary  processes.  In  the  most  anterior  portion  of  the  pars 
ciliaris  their  number  decreases,  and  at  the  summit  of  the  ciliary 
processes  the}'  have  practically  disappeared. 

11.  The  posterior  boundary  of  the  zonula  repeats  the  serrated  form 
of  the  ora  serrata.  The  anterior  border  of  the  zonula  in  the  adult 
coincides  with  the  inner  edge  of  the  ciliary  body  (viz.,  the  line  cor- 
responding to  the  greatest  elevation  of  the  ciliary  body  above  the  level 
of  the  inner  surface  of  the  sclera)  ;  in  the  newborn  it  corresponds  to 
the  iridociliary-angle,  from  which  also  zonula  fibers  arise. 

12.  The  zonula  fibers  arise  from  the  orbiculus  ciliaris  in  its  whole 
extent  and  from' the  bottom  of  the  ciliary  valleys;  no  fibers  spring  from 
the  sides  and  summits  of  the  processes.  Occasionally  a  few'  stray 
fibers  are  seen  arising  from  near  the  base  of  the  processes. 

13.  The  vitreous  is  separated  anteriorl}^  from  the  zonula  ciliaris  by 
the  anterior  boundary  layer;  posteriorly  from  the  internal  limiting 
membrane  of  the  retina  by  the  posterior  boundary  layer,  a  layer  less 
dense  and  less  homogeneous  than  the  anterior  boundary  layer.  A 
hyaloid  membrane  does  not  exist.  The  onh'  membrane  which  is  situ- 
ated between  the  retina  and  vitreous  stops  at  the  ora  serrata,  stands 
in  close  relationship  to  IMueller's  fibers,  and  may  justly  be  designated 
the  internal  limiting  layer  of  the  retina. 

14.  The  zonula  fibers  break  up  into  primitive  fibrillar  prior  to  their 
insertion  into  the  lens  capsule.  The  anterior  and  posterior  fibers 
divide  gradually  after  tliey  have  reached  the  capsule,  Avhereas  the 
equatorial  fibers  divide  into  brush-like  bundles  before  reaching  the 
capsule. 

15.  The  zonula  fibers  do  not  penetrate  the  capsule,  but  fuse  only 
with  the  external  surface.  Their  offshoots  reach  only  the  uppermost 
lamella  of  the  capsule  (Berger's  zonula  lamella,  Retzius'  pericapsular 
membrane),  upon  which  they  course  a  relatively  long  distance. 

16.  The  equator  of  the  lens  is  irregularly  curved,  showing  a  number 
of  processes  and  depressions;  the  former  being  joined  to  the  brush- 
like fiber  bundles.  The  uneven  e(iualorial  t-ontour  must,  llierefore,  be 
regarded  as  the  result  of  the  insertion  of  the  zonula  fiber^j. 

17.  No  difference  exists  between  the  cellular  elements  of  the  vitreous 
and  zonular  space ;  all  being  migratory  cells  of  mesodermal  origin. 

18.  The  zonula  is  developed  from  the  anterior  portion  of  the  vitre- 
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oils.  In  the  liyaloid  tissue  between  the  ciliary  body  and  the  lens  a 
system  of  delicate  connecting  fibers  appears  at  about  the  end  of  the 
fourth  month  of  intrauterine  life.  These  fibrillar  are  at  first  extremely 
deli  -ate  and  often  insert  into  the  capillary  vessels  of  the  membranous 
lens  capsule.  The  true  vitreous  gradually  becomes  difeerentiated  from 
tlie  zonular  space  anteriorly.  This  is  followed  by  absorption  of  the 
remaining  hyaloid  tissue  and  vessels  of  the  vascular  membrane  in  the 
zonular  sjjace,  leaving  only  the  zonula  fibers. 

19.  The  zonula  is  a  modified  portion  of  the  vitreous,  organized  for 
a  i)articular  physiologic  purpose.  AVhether  the  vitreous  is  of  meso- 
dermal oi-igin  (Schoeler,  Kessler,  Koelliker,  Schwalbe,  Hertwig, 
Schultze,  Retzius,  Czermak,  Cirincione)  or  of  ectodermal  origin  (Tor- 
ualola,  Rabl,  Fischel,  Addario,  Haemers,  Wolfrum),  one  thing  is 
certain,  viz.,  that  the  zonula  embryologically  and  anatomically  belongs 
to  tlie  vitreous  and  not  to  the  retina.  Etiologically  zonula  and  vitreous 
ai-c  very  closely  related. 
Zonular  cataract.  Lamellar  cataract.  Laminar  cataract.  Lami- 
nated CATARACT.  A  fomi  of  cataract  in  which  the  superficial  lamina 
and  the  nucleus  of  the  lens  are  transparent,  a  layer  or  shell  of  opacity 
being  present  between  them.  See  p.  1556,  Vol.  Ill  of  this  Encyclo- 
pedia. 

E.  Kruckmann  {Graefe's  Archiu.  f.  Ophthal.,  p.  322,  1916)  describes 
iiis  new  method  of  removing  zonular  cataract.  A  discission  knife 
pierces  the  temporal  portion  of  the  conjunctiva  in  the  horizontal 
meridian,  3  mm.  from  the  limbus,  and  then  the  corneal  margin  to  the 
center  of  the  enlarged  pupil,  followed  by  a  vertical  incision  of  the  an- 
terior capsule  from  the  upper  pupillary  margin,  and  by  a  horizontal 
incision  from  the  nasal  pupillary  margin.  Then  the  cortical  matter 
is  incised  horizontally.  From  the  temporal  end  of  the  incision  the 
knife  is  introduced  behind  the  cataract  to  dislocate  it  into  the  anterior 
chamber,  where  it  can  easily  be  cut  into  pieces  from  behind.  After 
a  few  days  a  lance-shaped  knife  is  inserted  3  mm.  from  the  limbus 
subconjunctivally  and  at  the  corneal  margin  introduced  into  the  an- 
terior chamber  and  into  the  cataractous  masses,  which  by  gentle  lateral 
movements  are  cut  and  then  carefully  removed.  This  method  gives 
excellent  results,  so  that  glasses  can  be  ordered  after  two  or  three 
weeks. 
Zonular  keratitis.  See  Band-shaped  keratitis,  p.  877,  Vol.  I ;  also 
Cornea,  Ribbon-shaped  opacity  of  the,  p.  3440,  Vol.  V  of  this  Encij- 
clopedia. 

Heath    {Prac.   Med.   Scries,  Eije,  p.   73,   1909)    remarks   that  the 
opacity  may  be  primary  or  occur  in  eyes  blind  from  glaucoma  or 
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iridocyclitis.  The  opacities  are  pmictiform  and  crowded  together, 
forming  a  gray  stripe  across  the  cornea,  occupying  the  exposed  por- 
tion of  the  lid  fissure.  The  disease  progresses  slowly.  Sooner  or  later 
both  eyes  are  involved.  In  some  cases  there  are  attacks  of  severe  pain, 
but  ulceration  is  never  observed.  Most  cases  were  in  men  over  45. 
The  pathologic  basis  of  the  condition  is  a  hyaline  degeneration  of 
corneal  cells  that  later  become  calcareous.  Gout,  renal  disorders,  loss 
of  vital  energy  in  the  cornea  through  vascular  changes,  repeated 
irritation  of  the  surface  of  the  eye,  as  by  foreign  bodies,  are  etiologic 
factors.  Graefe  noted  a  resemblance  to  glaucoma  and  bad  effects  of 
atropin.  Sight  has  been  improved  by  scraping  the  cornea  and  by 
iridectomy.  Carbonate  of  soda,  nitric  acid,  hydrochloric  acid,  5  per 
cent.,  have  been  recommended.  In  Heath's  case,  scraping  and  applica- 
tions of  weak  carbonate  of  soda  solutions  were  of  no  avail.  Iridectomy 
resulted  in  vision  of  15/lx,  where  the  patient  had  been  unable  to  get 
about  alone. 

Zonular  opacity  of  the  cornea.     See  Zonular  keratitis. 

Zonulitis.     Inflammation  of  the  zonule  of  Zinn. 

Zonulotome,  Gradenigo's.  See  pp.  1518  (illustration)  and  1519,  Vol. 
Ill  of  this  Eiicyclopcdia. 

Zonulotomy.  Kuhnt  {Oph.  Y ear-Book,  p.  329,  1909)  proposes  an 
operation  for  division  of  the  zonule,  and  discusses  the  different  condi- 
tions in  which  it  is  desirable  to  resort  to  it.  If  the  pupil  be  incapable 
of  normal  dilatation  a  small  preliminary  iridectomy  is  first  to  be  done. 
When  the  eye  has  fully  healed  from  this  operation,  a  discission  knife 
or  knife-needle  is  introduced  subconjunctivally  through  the  limbus, 
with  the  cutting  edge  turned  toward  the  part  of  the  zonule  to  be 
divided ;  and  passed  back  between  the  edge  of  the  lens  and  the  ciliary 
processes,  with  care  to  avoid  wounding  the  latter,  or  plunging  the 
knife  unnecessarily  into  the  vitreous.  If  an  extensive  division  of  the 
zonule  is  to  be  made  through  a  small  coloboma  in  the  iris,  it  is  made  on 
one  side  of  the  coloboma  at  one  sitting,  and  subsequently  the  knife  is 
introduced  on  the  other  side  of  the  coloboma,  to  make  an  additional 
division.  Kuhnt  believes  this  operation  should  be  used  as  a  pre- 
liminary to  reclination  of  the  lens,  in  shrunken  or  tough  membranous 
cataracts  and  for  the  division  of  cicatricial  membranes  likely  to  drag 
injuriously  upon  the  ciliary  body. 

Zoopsia.     A  hallucination  in  which  the  patient  thinks  he  sees  animals. 

Zorab's  operation.  Aqueoplasty.  See  p.  5557,  Vol.  VII  of  this  En- 
cyclopedia. 

Zoster,  Herpes,  ophthalmicus.  See  p.  5882,  Vol.  VIII  of  this  Encyclo- 
pedia. 
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Zusaimnengesetze   Forbe.     (G.)     Compound   color. 

Zusammenstossen.     (G.)     Contusion, 

Zygospore.  Spores  formed  by  the  conjunction  of  the  two  sets  of  fila- 
ments (hypai)  of  the  spawn  or  mycelium  of  a  fungus. 

Zygotes.  The  product  of  the  fusion  of  two  isogametes  or  two  gametes. 
See  p.  7640,  Vol,  X  of  this  Encijclopcdia. 
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